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SUMMARY 

The historical development of analgetic drugs has been 

reviewed with respect to structural modifications of morphine, 

pethidine, methadone, morphinans and 6,7-benzomorrhans. The 

development of analgetic receptor site theories has also been 

surveyed. A brief review of the application of Hansch-type analysis 

to structure-activity relationshirs has also been carried out. 

Some basic derivatives of cyclohexane have been synthesised. 

The route consisted of a modification of the Strecker synthesis to 

yield an H-aminocyclohexylnitrile which was reduced to the 

corresponding primary amine using lithium aluminium hydride. The 

primary amine was benzoylated using several benzoylating agents, 

The benzamides so produced were tested for CNS activity and 

several were found to have analgetic properties. Tentative 

relationships between structure and activity have been suggested, 

A Hansch-type analysis of the e ONetunehartiviey: relationship 

of these Denzantaes "vas attempted. The rarameters used in this 

analysis were pka values, carbonyl stretching frequency values, 

calculated log P values and analgetic activity. 

In order to compare their biological activity with the 

previously mentioned benzamides, an attempt was mace to prepare 

some rigid analogues. The first route proposed was a ring closure, 

to form isoquinolones, of urethans derived from various o¢-anino- 

nitriles and c(-aminoesters. The second route proposed was a ring 

expansion of l-indanones to form isoquinolones. 

Included in this study is an investigation into the course of 

a reaction between 2-bromo-2-rethyl-l-indanone and diethylamine. 

It is also shown that 2-substituted-l-i 

  

eld, almost 

without exception, isoquinolones on ring ex ion with hydrazoic 

 



acid. 

The 2-substituted-indanones and 3-substi tuted-isoquinolones 

prepared in this stucy were tested for potential CNS activity. 

Several of them were found to have analgetic properties and are 

being further investigated. / ; 

‘A brief consideration of the mass spectra of all the classes 
a 

of compounds synthesised has been made and possible fragmentation 
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SECTION TE 

A: <A general survey of analgetics. 
  

The properties of an ideal analgetic have been outlined by 

Pfeiffer’ "It should be effective against all types of pain, 

but not alter the other sense receptors; it should have a large 

therapeutic margin of safety, a rapid onset and long duration of 

action. It should not depress the cardiovascular and respiratory 

systems; should not affect the gastro-intestinal tract, should be 

effective orally and parenterally; should not act as an anti- 

diuretic; should be inexpensive to manufacture and chemically 

stable; and should not lose its effectiveness through the 

development of tolerance which may in turn lead to habit formation 

or addiction." Although it is unlikely that this ideal substance 

is attainable man has sought this goal for many centuries. 

Opium, the most ancient pain-relieving agent, was first used 

by the Assyrians who collected the opium poppy and extracted the 

crude drug. Opium was administered as an analgetic in this & 

relatively impure form until 1803 when Sertuner isolated morphine (1). 

Me 
N 

HO ° OH 

a) 

Another twenty-two alkaloids were subsequently isolated from 

opium, a number of which were clinically useful and it was upon 

t   ¢ latter that the medicinal chemistry of the an tics for the 

  

next 150 years was based.



near 

The fact that the methylation of the phenolic hydroxyl group 

in morphine produced a compound with a marked decrease in the 

analgetic potency and dependence liability of the compound was 

the stimulus for the modification of Uae thoephi ae molecule with 

a view to the separation of high analgetic rotency and addiction 

liability. In 1929 the first systematic research programme was 

carried out by the National Research Council of the United States. 

Over 450 compounds were prepared, 125 of them chemically derived 

from naturally-occurring alkaloids and the remainder synthetic 

compounds containing various portions of the morphine skeleton. 

The programme was not very successful as the most active derivative 

was only about one-tenth as active as codeine and was toxic. 

Since this programme many compounds have been synthesised by 

chemical modification of the morphine molecule. Relatively few have 

been successful and of those that were, heroin (2), dihydrocodeinone 

(3), oxymorphone (4), desomorphine (5) and metopon (6) are among 

the more important. More recently, interest in normorphine (7) was 

stimulated by the hypothesis that it may act as an intermediate 

in the mediation of analgesia, although this theory is not now 

generally accepted. 

Since 1964 little work on novel morphine-like structures 

3 yk has been reported, although Bentley and co-workers have carried 

out some interesting work on 6,14-endoethenotetrahydrothebaines (8). 

All the above compounds have rigid structures, but there is 

  also a very imrortant class of lgetics which has a ynthetic an 

  

greatly increased stereochemical flexibility. The initial work on 

these conpounds was carried out by 

  

sleb and Schaumann’, who, in 

    1939, prepared yethidine (9) which is still one of the most wid 

used substitutes for morphine. Many attempts have been made to 

  

m-H, 
   

moeify the activity of the pethidine molecu droxylation of



    

  

(ayer! = OH Ro SHR? = =o. 

(5) Roe Re 2 R= a 

(6) R° =H, R° = Me, R° = =0. 
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the phenyl ring gave enone which was no more active than 

pethidine. The ethyl ketone corresponding to this compound 

( ketobemidone (10) ), however, was shown to be ten times as active 

as pethidine’. In 1943 the analgetic properties of 4-acyloxy-4- 

phenyl-l-methylpiperidines were reported” and it was also shown 

that compounds with the phenyl group in position 3, instead of 

position 4, (isopethidine (11) ) were analgetically less active. 

Between 1957 and 1962 a large number of structural variations 

of pethidine was reported. There was much investigation into 

variation of the N-substituent of pethidine. Perrine and Eady? 

reported that the l-phenethyl cerivatives were two to three times 

as active as pethidine. During the next few years numerous 

N-substituted norpethidines were reported to have increased 

activity relative to pethidine, examples of the most active 

N-substituents being phenpropyl, p-aminophenethyl, p-amino- 

phenpropyl, p-nitrophenethyl, 4-pyridylphenethyl, cinnamyl 

and anilinoalkyl derivatives. 

cZ c—eét 
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Much work has been carried out on the reversed esters of 

pethidine which, when substituted in the 3 position with a 

methyl group, gave rise to a diastereoisomeric pair of compounds, 

o- and p -prodine (12). -prodine is approximately equal 

to morphine in analgetic potency and A -prodine is about three 

times as active as morphine. The structural variations applied 

to pethidine were also attempted on the prodine series of 

compounds and the resulting changes in analgetic potency were 

similar to those resulting from similar structural variations made 

in the pethidine series. 

Although much work has been carried out since 1962 most of 

the progress has been in the area of structure-activity 

relationships and relatively few significant pethidine-type 

analgetics have been synthesised, with the exception of 

fentanyl? (13), which was shown to be 50 times as active as 

    
pethidine. 

i 
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OC - trans 4 Ph/3 Me 

P- cis 4, Ph/3 Me 

The development of a second major class of morphinomimetic 

analgetics, the diphenylpropylamines (14), was taking place at 

the same time as the development of the pethidines. The first of 

the series, methadone (14a), was introduced into medical use



Ree 

in 1946. Most structural analogues of methadone showed reduced 

activity compared to the parent compound or were inactive, 

although isomethadone (14) is of comparable potency and replacement 

of the dimethylamino function by nocehetine and piperidino produced 

phenadoxone and dipipanone r 

  

spectively, both of which are clinically   

useful compounds. Replacement of the ketone function by hydroxyl 

gave rise to the methadol (15a)/ isomethadol (15b) series of 

compounds which were acetylated to yield the acetyl-methadols and 

-isomethadols. 

(a) ae Me, ER 2H, 

Me { 0 
ret ep 

me et 
Me : d : 2 RE Re (b) Rv = H, R© = Me. 

(14) 

, (a) RI = Me, R> =z. 
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Me ‘ 
ye 

Ses = ey Me im oO (») Rt = 

More recently the dextromoramide series of analzetics (16), 

in which the ethyl ketone croup is replaced by a tertiary amide 

function, were produced by Janssen and Jagen vee 

  

The compounds 

of this series were more potent than m rphine but retained its 

  

Side-effects and appeared to be of no clinical advantage. 

Replacement of the phenyl groups of 

  

hadone by thiophene rings



Ete 

and introduction of an olefinic bond produced the dithienyl- 

  

2 
putenylanines=“ (17). Another group of analge 

of which stemmed from the search for structural analogues of 

methadone, were the propoxyphenes (18). 

oe “ & 
0. ei Sie So ee > 
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In addition, the morphinans (19), another class of analgetics, 

evolved from investigations of Greve!” in 1946 into the total 

synthesis of morphine. These compouncs were regarded as ‘simplified 

morphines! and resulted in the introduction of at least three 

clinically useful compounds. These were racemorphan (19a), its 

(-) isqmer levorphanol and cextromorphan (19b). This latter 

compound was found to be almost devoid of ansigetic activity but 

  

ive. 

This simplification of the morrhine structure was carried   

further by Mayl4 , nzomorphans (20). 
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(b) R = Me, R» = Me. 

Ro 
(19) 

- 

nO 
(a) R = CH,-CH=C(Me),. 

H 
b) R = Me. we (>) 

Me (c) R = CH,CH,Ph. 

(20) 

This series of corpounds proved to be the first in which a definite 

separation of analgetic potency and addiction liability was 

observed and, as such, was extremely important. The main clinically- 

used benzomorphans are pentazocine (20a), metazocine (20b) and 

phenazocine (20c) which are all narcotic antagonists to some extent. 

There have also been a considerable number of apparently 

unrelated compounds which nave proved to be analgetics. These 

  

include isoquinoline alkaloids and synthetic isoquinolines, 

diazabicyclo-octanes, methotrimerrazine, thiazolin-2-ones, 

2-aminoindane and, probably the most important of these 

miscellaneous types, the benzimidazoles (21), discovered by 

7 % 15,16 
Hoffman and co-workers’ ~ . 
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B: Structure-activity relationships.   

The result of the research into the analgetic properties of 

partial structures of morphine was that early structure-activity 

relationship work was confined to an explanation of the analgetic 

activity of a compound in terms of its structural relation to 

the morphine molecule. When more flexible molecules such as 

pethidine were found to have activity, attempts were also made 

to relate these structur 

  

to morphine. However, aS more analgetics 

were discovered, it became increasingly obvious that such rigid 

requirements could not be applied to all compounds and Beckett?” 

in 1952 stated that "it appears probable from a consideration ‘ 

of the diverse types of compounds which have an analgetic activity 

equal to, or greater than, that of pethidine, that the mininum 

requirement for activity may be a hydrophobic group ( or collection 

of groups ) containing a basic centre with an optimum overall 

spacial arrangement", 

Subsequently Beckett and casy?® investigated the stereo- 

chemical considerations of analgetic activity and proposed more 

elaborate requirements; namely, a basic centre ionised at 

physiological pH, a flat aromatic structure to allow bonding by 

van der Waals forces, a suitably positioned projecting hydrocarbon 

moiety and co-planarity between the basic centre and the flat 

aromatic surface. From these requirements Beckett and Casy 

proposed a receptor surface (22) and proceeded to attempt to 

relate all analgetic structures to this recertor surface. They 

had a considerable amount of success, being able to fit morphine- 

like structures, pethidine and related structures, dithienyl- 

butenylamines and methadone and related structures to their 

postulated receptor surface. 

In 1955, in a study sponsored by the World Health Organisation,



esa bee 

Braenden, Eddy and Halbach=? enlarged on the features considered 

necessary for analgetic activity. After examining hundreds of 

  

22) 

compounds they stated that the features necessary in compounds 

possessing morphine-like analgetic activity were a tertiary 

nitrogen ( the group on the nitrogen being relatively small), a 

central carbon atom, none of whose valencies were connected with 

hydrogen, a phenyl group ( or group isosteric with phenyl) which 

was connected to the central carbon atom end separation of the 

tertiary nitrogen from the central carbon atom by a two carbon 

chain. 

In 1956 Beckett and co-workers@° made extensive investigations 

into the cationic portion of analgetic molecules and the influence 

it might have on the binding of the drug to the receptor. Numerous 

dissociation constants w 

  

re measured, includin-= several series of 

methadone-type comrounds, and it was shown that methadone-type 

molecules could adopt a conformation vhich would allow them easy 

association with the analgetic recentor, a situation which had
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been previously unexplained. Beckett and co-workers then investigated 

factors contributing to the strength of attractive forces between 

the cationic site of the analgetic and the anionic site of the 

receptor. From a study of the variation of activity with the 

‘effective width' ( minimum width consistent with free rotation of 

alkyl chains) of the basic group of several series of methadone- 

type compounds, a receptor which had a more specifically defined 

anionic site was proposed (23). 

Reprox. 15-85 A     

  

Focus 
Ak least OF 

CHARGE SA 

ANIONIC 
SITE 

(23) 

In 1959 Eday*? critically re-examined the features which had 

been considered essential for analgetic activity in 1955. The 

tertiary nitrogen was still an essential feature with only two or 

three compounds found to be active although not possessing a 

tertiary nitrogen. The statement that the group on the nitrogen 

should be relatively small vas found not to nold as numerous 

compounds with large Ne-substituents had been shown to have high 

activity, for example, N-aralkyl derivatives of morphine and 

pethidine. The central carbon atom none of ose valencies were 

  

connected with hydrogen was found still to be essential,



this was shown not to be the case in the dithienyl- 

  

where the central carbon atom was attached to an 

olefinic double bond and was, therefore, only quasi-quaternary. A 

phenyl, or isosteric, group connected to the central carbon atom 

was found to be still an essential feature as was the two carbon 

chain between the central carbon and the tertiary nitrogen, although 

an exception to this feature arose with the discovery of the 

benzimidazole series of analgetics. 

In 1962 Janssen@* reviewed the chemical features associated 

with strong morphine-like activity. In the case of morphines he 

concluded that ; 

(a) stereochemistry was important, 

(b) the features of the C ring were important, 

(c) with the exception of heroin, variation of the 

aromatic ring produced loss of activity and 

(a) the amine function must be tertiary, although the 

actual substituent was not so critical. In the case of the 

synthetic morphinans and 6,7-benzomorphans he concluded that the 

following features were essential for high activity : 

(a) an I-shaped 3-ring skeleton, 

(b) a free or acetylated phenolic group, 

(ce) a tertiary nitrogen and 

(a) at least two further substituents in the piperidine 

ring. In the case of the 4-phenylpiperidines the following 

features appeared to be essential for high activity : 

(a) an unsubstituted phenyl nucleus attached to the 

ring nitrogen by an unbranched 3-carbon chain, 

(b) a substituent of the type R-Ci,CcH,



en 

F ring: morph    

     2 me — basic 
‘ a “nitrogen 

D ring: 
st piperidine. 

ae 

\ 
/ by 

~~ 

ik a cyclohexane. 

E ring: furyl,imidazolyl 
or cyclohexane, 

No>-*-      / f 
OH, OAc 

Xs ‘central area': C,N or b-C-N-R. 

(24) 

L = phenyl or isosteric ring (L') connected to N as follows: 

LICH CH 5s LICH ,-CH ’ I Si, 2 CH 5» L'COCH,-CH., L' CH(OH)CH 

  

fos 

L'OCH,-CH, ICH=CHCH,, » (X = CO.alkyl, CN.H) or L = 

a, b, 2 are carbon atoms. 

H_CX-CH LIC cH eCX: cE 

> os 

at, bt Deh are: bon or hydrogen atoms. 

  

  

resents wer alk )COC 4 Y W OCH 7 OC_E R represents lower alkyl, OCO ais COC He, CHOCOCHC He 5 COC Fe, 

coc.H,, COlMe,, Conc CCH.C-F ‘0 gins Ob &5, CC t or 26h!    
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(where R=0CO, COO or cOCH,) in position 4 of the piperidine 

ring and 

(c) a suitable stereochemically arranged substituent 

at position 3 of the piperidine ring. Janssen then proposed a 

model structure (24) in which all the features discussed above 

were represented. 

It became obvious, as more compounds were synthesised and 

found to have analgetic activity, that the receptor site requirements 

laid down by Beckett and Casy were inadequate. It became increasingly 

obvious that several aspects of structure-activity relationships 

in analgesia could not be explained by the Beckett and Casy model. 

For example, if the configurational selectivity of analgetic 

receptors towards compounds having an asymmetric centre in common 

with methadone (i.e. R-CH ~CH( CH 3)-B) was examined, it was found 
2 

that there was no consistent correlation between the configurations 

of the more analgetically active enantiomers ( Table 1). Another 

feature not explained was the ability of identical N-substituents 

to produce compounds with either enhanced or diminished analgetic 

activity when attached to different molecules. For example, the 

replacement of the N-methyl group in pethidine by a cinnanyl moiety 

produced a compound whose activity was increased forty fold, 

whereas the same change in morphine produced a compound which 

shoved a loss of potency. 

In 1965 Portoghese™” postulated that complex formation of 

different narcotic analgetics with receptors may involve differing 

modes df interaction, rather than a single type of drug-receptor 

interaction involving binding to the same site on the receptors. 

He presented three possible modes of interaction. 

1. Interaction of different analgetics with a single 

Species of receptor. This was subdivided into :



  

  

  

        
  

R-CH,-CH(CH.)-B 

R B Configuration of 
more active isomer 

PhC-COEt NMe, R 

Ph ,C-COEt NC) H,0 R 

Ph,C-SO,Et NMe, R 

Ph C-COOEt NMe, Ss 

Ph C-CH(OH) & NMe, Ss 

Ph C~CH(OAc) Et NMe, R 

Ph-N-COEt N(Me) CH Ph Ss 

Table 1. 

(a) identical interaction - this had been 

previously assumed to be taking place and 

(bv) differing interaction in which the anionic site 

of the receptor was described as a pivotal point around which 

varying modes of binding could occur (25). 

2. Interaction of different analgetics with two or 

more species of receptor common to the different analgetics. This 

was also subdivided into : 

(a) identical partitioning on the receptors by 

different analgetics and 

(b) dissimilar partitioning on the receptors by 

different analgetics. This situation could be explained by 

examination of the eguations A +c¢ < Fa (hice (AB ). and 

  B+K +B = (BAK) + (eB ). Different analgetics (A and B) 

ang species of receptor (xX and B ) common to A and B may interact 

so that the ratios (A& 4B) and (BX ):(B B) are Similar 

(€ase 2a.) or different (case 2b.).



- 17 - 

3. Interaction of different analgetics with two or 

more species of receptor not common to the different analgetics. 

This case could be represented by the equations A + & +B = (Ace) 

  

and B+ + B ==GP ) i.e. there could be a different receptor 

for each analgetic. 

In 1968 Mautner@" reviewed the whole area of the molecular 

basis of drug action and, in the field of analgetics, came to the 

conclusion that the whole concept of an analgetic receptor site 

would have to be completely re-evaluated. Although much work 

has been done on conformational studies in analgetics, these have 

been limited in that they provided evidence about the 'preferred' 

rather than the 'active' conformation, the two not necessarily 

the same except in the case of fully rigid molecules. Much work 

will have to be done to firmly establish the absolute configurations 

of rigid analgetics using X-ray crystallography and optical 

rotatory dispersion spectra, while a great deal of information 

will have to be gathered about the rotational barriers in flexible 

analgetic molecules. Progress has been made recently in studying 

the interaction of ‘small ligand molecules with macromolecules 

(especially proteins) by the use of nur®? and it is possible that 

the same techniques may be applied to drug-receptor interactions. 

In addition advances in biochemical methodology and isolation of 

analgetic receptors in the central nervous Sysvenae may, in the 

near future, enable investigation of the receptor events 

mediating analgesia and this aspect is important, not only to 

our knowledge of pain mechanisms and their blockade, but also to 

the causes of tolerance and addiction to narcotic analgetics.
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C: Hansch analysis. 
  

An ability to predict the biological action of a given 

substance by virtue of its chemical constitution is one which is 

fundamental to our understanding of how ames act and to the 

rational design of more effective analogues. The first attempt at 

such structure-activity correlation was the ‘lipid hypothesis of 

narcosis! of Overton@” and Meyer@°, The hypothesis showed that the 

narcotic effect of a large number of chemically dissimilar 

substances increased with rising partition coefficient between 

a lipid-and water, until lipid solubility became so great that 

the substance was insoluble in water, at which point activity 

began to decrease. The problem of the inapplicability of this 

hypothesis to substances administered in a gaseous form was 

solved by Ferguson@?, He pointed out that as stable levels of 

narcosis were set up when an equilibrium existed between the 

concentration of the drug in the internal phase and its 

concentration in the phase in which biological activity occurred, 

simple thermodynamic principles could be applied. Thus he showed 

that the important parameter when considering correlation of 

narcotic activities was not the concentration of the substance 

in the applied phase, but its relative saturation. 

In 1940 Hammett > derived an equation (26) which described 

the effect of m and p substituents on the rates of side-chain 

reactions of benzene derivatives. 

The equation was a linear relationship between the logarithims of 

the rate constants and the O-values which were substituent 

Constants inderendent of the reaction. Ve was defined as the 

reaction constant which was dependent only on the nature and



conditions of the reaction. It appeared possible that this type 

of equation could be used to predict biological activity and so, 

in 1962, Hansen?* formulated a 'biological Hammett equation! 

based on a number of simplifying conditions. He used this equation 

to explain literature data on the inti pition of bacterial growth. 

At the same time, Zahradnik?* found that the data for the 

magnitude of the biological effect of the members of an homologous 

series of aliphatic compounds of the type R-X could be correlated 

by means of equation (27). 

qt denoted the molar concentration of the i-th member, and Tat the 

molar concentration of the ethyl derivative, required to produce 

a specific effect. p was a constant characteristic of the 

substituent R and C(characteristic of the biological system. It 

can be seen that the B constants of the Zahradnik equation were 

related to the O constants of the Hansen equation. 

A more mathematical approach to the structure-activity 

relationships was that of Free and Wilson?” in which the structural 

changes per position were placed in order by estimating the amount 

of biological response attributed to each change. Singer and 

Purcell reviewed the field of structure-activity models and 

concluded that they could be divided into two categories; firstly 

those in which the eee biological activity was expressed as 

a function of group contributions to the activity and, secondly, 

those based on linear free-energy relationships. 

The most outstanding example of the second type was to be 

found in the work of Hansch and his colleagues vho developed a 

basic equation from a study of the structure-activity relationships



in plant growth fegulators--. Using a series of substituted 

phenoxyacetic acids, Hansch measured their partition coefficients 

(P) in an octanol/water system. A term 7\ (= log ry a) was 

adopted, where Ee was the partition coefficient of the substituted 

compound and Pi, that of the unsubstituted compound. A term 

log(1/C) was also used, where C was the concentration of compound 

necessary to elicit a specified response. Hansch then assumed 

that the molecules, given as a dese ¢. would make their way to the 

active site by a 'random walk' process with an effective 

concentration, AC, accumulating at the active site. Thus the rate 

of biological response could be expressed by equation (28), where 

KY was the rate constant for the rate-limiting step in the 'random 

Walk' process. 

a(resronse) _ ACK, Pe ee ees, 2A Os 
at i 

Hansch then assumed a normal probability distribution, such that 

the probability of movement to the active site decreased 

exponentially with the square of differences between T\ anda 

constant ideal value, Tle . Therefore 

A= f(T) = a exp ees aa wt 

where A = the probability of the molecule reaching the active site 

and a and b are constants. Substitution of A from equation (29) 

into equation (28) gave equation (30). 

a(response) = a exp . Cre = The) | cK 502 
at Dd 

Substitution of log(1/C) into equation (30), taking logarithms and 

collecting constants gave equation (31). 

log(1/c) = KV 2 + KtrW Tle = KM rte + logk, + KM) 52, 

Since 7To was a constant, and assuming K_ to be dependent on the 

  

substituent, the basic Hansch equation was evolved (equation 32).



log(1/C) = 

  

Having derived this equation, Hansch then attempted to 

evaluate the term TY and to investigate any limitations the term 

might have. He determined partition coefficients between octanol 

and water for 203 mono- and di-substituted benzanees’. In this way 

he calculated 7\ for 67 functional groups. On examination of the 

results he concluded that, although 7\ varied from system to 

system, the variance for similar systems was not too great. Hansch 

also carried out similar work to determine values of 7\ for 

aliphatic functions’. He then went on to apply this approach to 

some practical pharmaceutical problems. A study? on the 

localisation of substituted benzeneboronic acids in brain and 

tumour tissue in mice showed that localisation in the brain could 

be rationalised in terms of one parameter, T\ , whereas localisation 

in the tumour tissue depended on an additional electronic parameter, 

GO. After application of this technique to several series of 

39 congeneric drugs~”, he then applied the use of substituent constants 

and regression analysis to the study of enzymatic reaction 

mechanisns?°. TX was shown o be useful in establishing the 

stereospecific nature of hydrophobic bonding and a steric 

substituent constant, E,, Was introduced. 

It had previously been stated20?9? that the terms 7T\ and 

log P were additive and, in 1967, Hansch'+ published partition 

coefficient data on 54 organic compounds. He concluded that TX 

and log P values appeared to be additive whenever there were no new 

effects in the summation which were not present in the constituent 

parts. The intramolecular interactions so far observed were 

electronic, hydrogen bonding and shielding effects. These shielding 

effects were divided into two types. Firstly, when two apolar 

  

Srouvs were ortho to each other they would not have the same



number of structured water molecules around them as when they 

were para to each other. Secondly, shielding could occur by the 

folding of non-rigid molecules. 

In 1968, more work by Hansen t+ showed that the hypnotic 

activity of groups of barbiturates depended almost entirely on 

their relative lipophilic character. The ideal lipophilic 

character was defined as log Fe and was of the order of 2 for the 

barbiturates, and it was shown that this was also the optimum 

value for many other sets of structurally unrelated hypnotics. 

Later in the same year it was discovered*@ that, in a study of 

metabolism of organic compounds, most of the variation in the 

structure-activity relationships appeared to be related to the 

relative lipophilic character of the compound and it was also 

found that many tyres of metabolic reactions had an ideal 

lipophilic character value of about 2. 

In 1969, Hansch'!?, in a review of his own work, stated that 

his efforts had been directed towards the use of physical organic 

chemistry in an attempt to solve biochemical problems and that the 

evidence so far suggested that log P or T\ would make possible 

the use of computers in a numerical analysis of biochemical 

structure-activity problems. In the same year he took a further step 

towards solving the problems of drug-receptor interactions when he 

presenteat+ a theoretical analysis of the passive penetration of 

drug molecules to their site of action in terms of their lipophilic 

character. This theory differed from those proposed for active trans- 

port because most drugs would not fit the highly specific biological 

transport mechanisms. The theory recognised that, in drug action, 

Speed was essential and that in future, a knowledge of the 

optimum lipophilic character for a rarticular organ would shorten
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the time required to develop an effective drug. More recently, 

‘criticism of the Fansch approach has been made by Higuchi and 

HD They suggested that it could not cope with steric Davies 

factors or metabolic inactivation processes too successfully and 

also that there are pitfalls in using multiple regression analysis 

techniques as a tool for interpreting biological ee. They also 

suggested that the Guetee at parameters was often bewildering and 

that the more recent regression equations obtained were far too 
a, i ait ‘ Hi : : 4     
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    A: Benzamido derivatives of cyclohexyldimethylamine 

  

A number of diamino compounds have been reported to possess 

analgetic activity 4647448449, 50. Some diamines of a simple nature 

have been synthesised? although these have not been tested for 

piological activity. These compounds (33), which are cyclohexyl- 

diamines, were synthesised in order that the effect of formylation 

and methylation on analgetic activity could be examined. 

igre nv" 
Ne 

(33) 

Formylation of the primary amine function of the cyclohexyl- 

diamines renders the nitrogen virtually non-basic. Conversion 

of the added formyl group to a methyl group restores the dibasic 

nature of the molecule and it was thought that there might be a 

difference in analgetic activity between the monobasic and the 

dibasic compounds. Since the two most active compounds in the 

series (34 -45) were the N-formylmethylaminomethyl compound (40) 

and the N-methyl compound (39) no conclusion could be drawn as 

to the importance of the formyl group in relation to CNS activity 

in this series. Eowever, these compounds do not contain an 

aromatic group and such a group is widely bel: 

  

ved to be a 

   
necessity for analgetic activity. Thus, in a similar manner to 

formylation, the primary amine function could be made virtually 

hon-basic by conversion to a benzamido function. Previous  
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OHC M di PR (34) nrn'= 1 methylpiperaring 37) © SNH G di 
7a \p! i \R! H Rl (35) NRA dimethylamine (38) 4 

(36) NRR'= Piperidy! (39) 

Mess Wye we (40) NRR'= NL methylpiperaziny) (43) ay é aah 
f oe Nr! GHe NR (a1) NRR!= dimethylamino (44) ME i 

(42) NRR'= piperidyl (45) 

attempts©®? 63 to produce analgetic activity by introduction of a 

benzamido group in another series of analgetics were, apparently, 

fairly successful and 3,4,5-trimethoxybenzoylmorphine and its 

2-methyl derivative were found to have considerable tranquillising 

and analgetic effects, although a report in 197154 stated that, 

as a result of studies of analgetic potency and acute toxicity of 

substituted benzamides and anilides, benzamides were relatively 

inactive as analgetics. 

The synthetic procedure adorted to obtain these benzamido 

derivatives (49) is shown in Scheme (1). Sten 1 in Scheme (1) is a 

modification of the Strecker synthesis. The mechanism of the 

Strecker synthesis of C€ -aminonitriles is still in dispute. Two 

tion of a cyanohydrin       nisms are possible, first the fo
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HaNH9C 

wench 

(46) : (47) (48) 

3 

cacy Fe 

0 

R a phe 

» SNH2C N 
Ha \ve 

(49) 

Scheme 1. 

followed by Sy2 substitution by an amino group (Scheme (2)) and 

second addition of hydrogen cyanide to an intermediary amine 

(Scheme (3)). The Second mechanism has gained much favour, however, 

52 
since Ogata and Kawasaki found that benzylideneaniline (50) 

  

  reacted readily titatively with hydrogen cyanide to give 

x 

slowly with aniline, giving rise to the sugg 

and que 

cyanobenzylaniline (51) while mandelonitrile (52) reacted 

  

  estion that the 

Me 

‘Me
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Scheme 3. 

intermediate is benzylideneaniline or a Schiff base. Although the 

NHAr2 
aricH==Nar? + HON —P9St— ArloH 

CN 

(50) (51) 

2 
AMCH(CNIOH + Ar2NH2 22> adcu— NMA 

“CN 

(52) (st) 

AK-aminonitrile (47) had been synthesised previously?! the 

synthetic procedure used produced only an oil in 62% yield. A 

change in the reaction conditions, from refluxing 24hr. in 50% 

    
ethanol to stirring for 2 at room temperature in aqueous 

solution, increased the yield to 80% and also increased the 
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purity of the final product sufficiently for it to form a 

colourless solid. 

Step 2 in Scheme (1) is a reduction of the CG -aminonitrile 

(47) to the diamine (48) using lithium aluminium hydride. This 

reaction had been carried out previously in good yields? and the 

Same technique was used in this study. 

Step 3 in Scheme (1) was reaction of the amine (48) with the 

appropriately substituted benzoyl chloride in the presence of 

pyridine. 

Three of the benzamide series of compounds had previously been 

prepared? and the method used for the synthesis of these three 

compounds was adopted as the basic synthetic procedure for the 

whole series. The reaction mechanism is thought to involve the 

formation of an acylpyridinium salt by reaction of pyridine with 

the acyl halide. This salt then reacts with the amine to yield 

the desired product (Scheme (4)). Blectron-repelling groups in the 

a FeO a 
pe See oe | | 

< SS + x7 SX 
N e} N 

qn gin > F=9 + ae 
a x I 

=H 

Rj —N—c—R! 
I 
0 

Scheme 4. 

55 
acid chloride are known to decrease the electrophilicity and 

this m 

  

es the reaction more difficult. A number of the compounds



to be prepared contained an electron-repelling substituent in the 

benzene ring e.g. 2-methoxy, 4-methoxy, 4-dimethylamino, hemethyl, 

h-ethoxy, 3,4-dimethoxy, Sst, o-trimethoxy , but practical difficulties 

were only encountered in the case of the 3,4,5-trimethoxy compound 

(49, R=3,4,5-trimethoxy). In this case, instead of the normal 

reaction conditions (standing at room temperature for lhr.), the 

reaction mixture had to be refluxed for Shr. in order to give a 

reasonable yield of the required product. All the reactions were 

carried out in dry pyridine. This was because of the necessity, 

when using weakly nucleophilic amines, to remove the hydrochloric 

acid produced, in order to obtain a reasonable yield of the amide. 

Most of these benzamido derivatives were submitted for 

primary CNS screening and the detailed results appear in the 

pharmacology section (Table (6)). Table 2 shows a simplified 

version of the qualitative results of the primary screen. In the 

mouse hot-plate test all the comrounds showed some degree of 

activity, although in the case of the 4-nitro (58) and the 

4-0-ethoxyformyl (65) compounds this was very slight. All the 

other compounds tested showed 100% inhibition of the reflex 

response in the mouse hot-plate test. When the compounds were 

tested in the phenylquinone-induced writhing test, which is another 

primary screening test for analgesia, the activities obtained were 

not as good. Several compounds showed no activity in this test, 

these being the 4-nitro (58), 2-methoxy (59), 4-methoxy (61), 

A-naphthyl (62), 4-Q-ethoxyformyl (65) and the 3,4-dichloro- 

cinnamoyl (66) derivatives. 

The unsubstituted benz, 

  

de (53) showed only moderate activity 

which compared unfavourably with aspirin. The 4-fluoro (54) and 

the 3,4-dichloro (55) compounds both showed marked activity 

  

was an improvement on that of aspirin. Three other compounds also
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      ACTIVITY. 
STRAUB TAIL 

  

BEBAVIOUE DIRECT HOT PLATE 
COMPOUND | THE MOUSE TEST 

*K (5 Mi } ACTIVITY, RKED ACTIVITY,| MODERATE J 
B TAIL, INHIBITION, < ASPIR 

% (54) | REDUCED RESPONSE BD ACTIVITY,| MARKED ACTIVITY, 
TO PAIN. 2 INHIBITION. » ASPIRIN. 

%&(55) | REDUCED RESPONSE MARKED ACTIVITY,| MARKED ACTIVITY, 
TO PAIN. 100% INHIPITION. > ASPIRIN, 

(56) | NO RESULT MARKED ACTIVITY,| MODERATE ACTIVITY. 
AVAILAPLE. 100% INHIPITION. 

% (57) | INACTIVE. MARKED ACTIVITY,| MARKED ACTIVITY, 
100% INHIEITION, x CODEINE. 

(58) | NEGLIGIBLE NEGLIGIELE INACTIVE, 
ACTIVITY, ACTIVITY. 
HIGH POSTURE. 

(59) | INACTIVE. MARKED ACTIVITY,| INACTIVE, 
100% INHIPITION. 

% (60) | WO RESULT MARKED ACTIVITY,| MARKED ACTIVITY. 
AVAILABLE. 100% INHIBITION. 

(61) | NEGLIGIBLE MARKED ACTIVITY,| INACTIVE. 
ACTIVITY. 100% INHIBITION. 
LOW POSTURE. 

(62) | NEGLIGIBLE MARKED ACTIVITY,| INACTIVZ. 
ACTIVITY. 100% INHIBITION. 
LIME SPLAY. 
STRAUB TAIL, 

% (63) | MODERATE ACTIVITY.| MARKED ACTIVITY,| MARKED ACTIVITY, 
B TATL. 100% INHIBITION. > CODEINE 

* (64) MARKED ACTIVITY, 
> CODEINE 

STRAVE ATL. C3RITEING ALMOST 
APOLISHED). 

(65) | NEGLIGIBLE INACTIVE. 

      
  

      

  

D ACTIV my   INACTIVE, 
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TABLE 2 (CONT). 

(53) R = phenyl. (60) R = 4-chlorophenyl. 

(54) R = 4-fluorophenyl. (61) R = k-methoxyphenyl. 

(55) R = 3,4-dichlorophenyl. (62) R = 2-naphthyl. 

(56) R = 2-chlorophenyl. (63) R’= 4+bromophenyl. 

(57) R = cinnamyl. (64) R = 3-bromophenyl. 

(58) R = 4-nitrophenyl. (65) R = 4-Q-ethoxyformylphenyl. 

(59) R = 2-methoxyphenyl. (66) R = 3,4-dichlorocinnamyl. 

showed marked activity in the phenylquinone induced writhing test. 

The cinnamamide (57) had an activity approximately equal to that 

of codeine, the 4-bromobenzamide (6%) had an activity greater than 

codeine, completely abolishing the writhing and the 3-bromo- 

benzamide (64) also had an activity greater than that of codeine, 

although in this case writhing was not quite totally abolished. 

Of the compounds found active in the primary pharmacological 

screen, seven were investigated further (the compounds marked * 

in Table 2). It can be seen that the compounds which show the 

highest analgetic activity are those which contain one or more 

halogen substituents on the benzene ring. Compounds which also 

show reasonably high activity are, the unsubstituted benzamide (53) 

and the unsubstituted cinnamamide (57). Although the order of 

increasing ED values (see Pharmacology section) for these seven 
30 

compounds varies in the phenylquinone induced writhing test and 

the hot-plate test, the overall range of the values obtained is 

not large enough to enable any significance to be placed on these 

differences in order. 

If the 3,4-dichloro derivative (55) is considered to be the 

structure associated with optimum activity in the compounds of 

this benzamide series to date, it appears that any structural 

variation of this molecule leads to compounds which have reduced 

analgetic activities. Replacement of the halogen substituent on
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the benzene ring by any other substituent produces compounds in 

which the analgetic activity is reduced, or in some cases, totally 

abolished. It is interesting, however, that activity is retained 

by the cinnamyl derivative (57), although the 3,4-dichlorocinnamyl 

derivative (66) shows no activity in the phenylquinone induced 

writhing test. Although almost all the compounds show 100% 

inhibition of the response in the hot-plate test, this test is not 

a true indication of analgetic activity, only one of general CNS 

depressant activity and so too much weight should not be placed on 

any Hesults obtained in this test. Variation of the basic group 

of compound (53) also produces compounds with reduced analgetic 

activity. Replacement of the dimethylamino group by piperidino 

gives rise to a compound which shows no activity and by nie methy1-— 

piperazino to a compound with reduced analgetic activity. The 

amide bond of the unsubstituted compound (5%) also appears to be 

an essential feature of a compound with high activity; reduction 

of the carbonyl group produces the corresponding alcohol which 

has reduced activity in the hot-plate test and is inactive in the 

phenylquinone test. Similarly, if the amide group is replaced by 

a sulphonamide (67) or phthalimide (68) function, the analgetic 

activity of the compounds is totally abolished. It can be seen 

that a change in the functional groups of the molecule (53) leads 

to a compound with an altered activity, but it is also known that, 

if the cyclohexyl portion of the molecule is replaced by alkyl 

groups, compounds with reduced activity and increased toxicity 

  

are produced. A change in the type of biological activity of the 

compound is brought about if the cyclohexyl portion is replaced 

by hydrogens. A large number of substituted benzamides of the 

type (69) have been synthesised and found to have various 
5h.55.56.59.59 

biological properties including local anaesti 795,98 ,57, 58 

  

atic activity
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(69) 

anti-tussive properties*’, anti-arrhythmic activity? and CNS 

depressant properties. 

This last kind of activity is interesting as one of the 

benzamides (59) showed CNS depressant activity in the primary 

pharmacological screen. In a secondary psychopharmacological screen 

  

compound (59) was found to give 53%   inhibition of the reaction of 

hyver-reactive rats at a dose of 25mg/Kg of body weight. The 

compound, however, had no effect on conditioned suppression at a 

dose of 30mge/ 

  

subcutaneously and thus, although possessing a 

certain amount of anti-anxiety activity, was of no further interest.



B; Hansch analysis of benzamide derivatives. 
  

The Hansch analysis approach has been applied to many bio- 

medicinal systems. Structure-activity relationships have been 

examined in such series of compounds as substituted phenoxyacetic 

66 a 68 
. 

2 » Sulphanilamides and 

i 
acids“, penicillins””, benzoic acids” 

benzeneboronic acids©, 

The first attempt at a Hansch analysis approach to structure- 

activity relationships in analgesia was made by Portoghese in 

1965°?, when he investigated a number of N-substituted phenyl- 

piperidine derivatives. He postulated that, if two different series 

of analgetics were exerting their effect at the same receptor site, 

identical changes of a portion of the molecule in each series 

should produce parallel variation in activity. If a point is 

plotted whose abscissa is the logarithm of the activity for the 

substituted compound in one series and whose ordinate is the 

logarithm of the activity of the identically substituted compound 

in the other series the resultant points should fall on a straight 

line. If the binding modes of the two series are the same, the 

slope of the regression line qaould be of the order of unity, 

assuming that the substituent had an identical effect on the bio- 

distribution of both series. 

Since this attenpt by Portoghese little work has been 

published on Hansch analysis of structure-activity relationships 

in analgesia. Thus, having synthesised a series of analgetically 

active benzamide derivatives of cyclohexyldimethylanine, it was 

Gecided to attempt an analysis of the structure-activity 

relationships in this series. 

Although little work has been done on benzamides with 

analgetic activity, a number of benzamides showing other 

70 biological p erties have been examined. An exanination into 
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the correlation of in vitro sulphonami 

  

de activity with pKa and 

Hammett values included a study of a series of N-benzoyl- 

72 
sulphanilamides. More recently a study on the electronic, hydro- 

phobic and steric effects of binding of inhibitors to horse liver 

dehydrogenase-reduced pyridine coenzyme binary complex included 

regression analysis on the structure-activity relationships of 

a series of m- and p-substituted benzamices. 

When choosing paraneters for attempts at quantitative 

analysis it is important to consider which structural features 

of the drug molecule may be important in any structure-activity 

relationship. In the case of analgetics it has long been thought 

that the basic group plays an important role in drug-receptor 

interactions. The first study of the basic group in analgetics 

was in 194172 when Oberst and Andrews examined the electrolytic 

dissociation of morphine derivatives and certain synthetic analgetic 

compounds. They came to the conclusion that there was no correlation 

between the analgetic and toxic properties of the drugs and the 

values of the dissociation constants of the basic centres in the 

oe came to the conclusion molecules. Similarly, in 1956, Reckett 

that there was no simple relation between dissociation constants 

and analgetic activities. The only conclusion drawn was that, as 

all the pKa values lay within the range 7.8 - 8.9, it appeared 

probable that the basic group was ionised at physiological pH to 

allow association with the anionic site of the analgetic receptor. 

Thus it was decided that one parameter which should be used in 

a Hansch analysis of the series of benzamides was their pKa values, 

which are representative of the effect of the basic part of each 

molecule. 

The method used for the determination of the pKa values was 

that recommended by Albert and Sergeant (? and the values obtained
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pKa 

R 8.28 
R 4-fluorophenyl 8.52 
R dichlorophenyl 8.36 
R = 2-chlorophenyl 8.43 
R innamyl Veed 
R 4-nitrophenyl 8.38 
R = 2-methoxyphenyl 8.57 
R = 4-chlorophenyl 8.30 
R = 4-methoxyphenyl Sets 
R = 2-narphthyl 8.34 
R = 4-bromovhenyl §.22 
R = 3-bromophenyl 6.40 
R = 4-tolyl 8.25 
R = 3,4,5-trimethoxyphenyl 8.63 
R = 4-ethoxyphenyl §.81         

Table 3. 

are listed in fable 3. The pKa values were inserted as data, 

together with the =D_. values which were available, in a computer 
50 

programme desisned to perform regression analysis on sets of data, 

This procedure was carried out for ED. values in both the hot- 
50 

plate and phenylquinone tests, and the respective equations (70) 

and (71) were produced. 

BA = -20.6(12.7)pKa + 184.5; n=6, r= 0.63 (70) 

BA = 101.0(129.5)pKa - 617.7; n= 7; 3r = 0.28 (71) 

BA represents biological activity (in terms of ED,, values). 
50 

n = number of observations. 

r= correlation coefficient. 

It can be seen from the equations (70 and 71) that there is no 

simple correlation between pKa and analg 

  

tic activity, although 

the correlation is slightly better in the hot-plate test, r = 0.63 

compared with r = 0.28. However, this is probably due to the 

Small number of observations (only 6) in this analysis. In the 

    above analysis the biological activity is represented by ED PEG



values. However, it is a known technique in Hansch analysis to 

represent the biological activity by a term log(1/C) where C = the 

concentration necessary to produce a specific biological response 

e.g. an EDeg value. Thus, if log(1/C) is plotted against pKa values 

for both the hot-plate and the phenylquinone tests, the following 

equations are obtained. 

log(1/c) = 0.547(0.417)pKa - 5.30; n=6, r = 0.59 (72) 
log(1/C) = -0.133(0.408)pKa + 0.79; n=7, r = 0.20 Ga) " 

Correlation between log(1/C) and pKa values appears to be slightly 

worse than a straight correlation between ED values and pKa values. 
50 

Another part of a drug molecule which is considered important 

in analgetic activity is the phenyl ring which, it is postulated, 

can aid drug-receptor interaction by the formation of hydrophobic 

bonds. If this is indeed the case, then a variation in the electron 

density of the phenyl ring could possibly alter the degree of 

interaction taking rlace, In the benzamide series of compounds 

the electron density of the phenyl ring is varied by the presence 

of different substituents. A convenient method of measuring the 

effect of these substituents would be to study the carbonyl 

stretching frequency, with which the ring substituents are known 

to have a Hammett-type relationship’+ . Thus the carbonyl stretching 

frequencies in the solid state were measured accurately (Table 4) 

and an attempt was made to relate the results obtained to 

biological activity. The regression equations for the hot-plate 

test (74) and the phenylquinone test (75) were obtainec. 

BA = -0.304(0.252) 6 * + 512; n= 6, r= 0.52 (24) 

BA = 0.161(0.395) 6° - 223; n=7, r= 0.18 (75) i 

- ; 
where © is the parameter representative of the carbonyl 

stretching frequency. 

Also plotted against the measured carbonyl frequencies was log(1/C)



obtained in both tests. 7 Me 
    

  

  

  

        

N R c NH CH ae 

0 

COMPOUND 

R = phenyl 

R = 4-fluorophenyl 
R = 3,4-dichlorophenyl 1676 
R = 2-chlorophenyl 1656 
R = 3,4,5-trimethoxyphenyl 1665 
R = cinnamyl 1653 
R = 4-nitrophenyl 1649 
R = 2-methoxyphenyl 1628 
R = 4-chlorophenyl 1626 
R = 4-methoxyphenyl 1656 
R = 2-naphthyl 1656 
R = 4-bromophenyl 1657 
R = 3-bromophenyl 1643 
R= 4-tolyl 1639 
R = h-ethoxyphenyl 1655 

Table 4. 

Again the respective regression equations for the hot-plate (76) 

and phenylquinone (77) tests were obtained. 

log(1/e) = 0.009(0.018) *- 15.1; n 65 2 = 10.25 (76) 

log(1/c) = 0.021(0.007) * - 34.9; n=7, r = 0.80 (77) 

In the cases of equations (74), (75) and (76) there is very poor 

correlation. In equation (77), however, the correlation is 

approaching a reasonable level. The correlation coefficient is 

0.8, which means that 645 of the biological activity could be 

explained by the parameter 6 ii An application of a T-statistical 

test to the regression equation (77) gave a value of T = 2.93, 

compared with a value of T = 4.03 necessary for significance in 

a regression analysis with 5 'degrees of freedom’. Thus it can be 

Seen that, as with pKa values, there appears to be no simple 

correlation bet 

  

een analgetic activity and the electron density 
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of the phenyl ring, assuming the carbonyl stretching frequency to 

be a proportional measure of the electron density. 

One of the most used parameters in Hansch analysis is log P. 

Log P represents the logarithm of the partition coefficient 

between octanol and water of the molecule being studied. Log P is 

usually used in a Hansch analysis of a series of compounds acting 

in a complex system which may include transport, serum-binding and 

receptor-binding factors. Log P has been used in a large number of 

studies of biologically active molecules e.g. parbiturates’”, 

Hy 26 and antibacterials’?. In the hypnotics’”, antifungal agents 

field of analgetics, an investigation © into a series of 

p-substituted acetanilides showed that buccal absorption of the 

compounds was related parabolically to analgetic activity and 

that the correlation was slightly better than that between log P 

and analgetic activity. 

Since the actual physical measurement of the partition 

coefficients oe number of molecules is both lengthy and tedious, 

and taking into account the fact that log P has been shown to be 

an additive-constitutive property of a molecule ©9902"? it was 

decided to use calculated values of log P for the purpose of this 

study. The method of calculation used was that the molecule was 

considered in parts and the relevant log F values for each part 

were summated. Although it is possible to divide the molecule 

in several different ways, if the same divisions are used throughout 

the series, then the values obtained should be comparable as a 

series. If the molecule is divided into parts as in Scheme 5, then 

the calculated log P values obtained are as in Table 5.
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LlogiP = 2:13 

  

  

        

R 

TY (—C—nW= -1.49 

0 

TX (—CH2= 0.50 

log P(cyclohexanol) - 7\ (OH) = 1.23 - (-1.39) 
= 2.62 

TT(N(Med= -0. 32 

calculated log P = 2.13 + (-1.49) + 0.50 + 2.62 + (-0.32) 

= 3.44 

Scheme 5. 

COMPOUND log P 

R = phenyl 5.44 
R = 4-fluorophenyl 3.58 
R = 3,4-dichlorophenyl 4.86 
R = cinnamyl Lely 
R = 4-chlorophenyl Wed 5 
R = 4-bromophenyl 4.30 
R = 3-bromophenyl 4. 30 

Table 5. 

The calculated log P values were plotted against analgetic activity 

in the hot-plate and phenylquinone tests and the respective 

regression equations produced (78,79) were: 

BA = -8.09(6.08)log P + 42.7; n = 6, " om 

BA " -61.5(56.5) 10g P © 375; n= 7, r= 0.54 

   st the calculated log P vaiues 

  

Also plotted agai



and the respective regression equations for the hot-plate (80) 

and the phenylquinone (81) tests were: 

W " log (1/C) 0.565(0. 359) log P - 3.13; n ='6, r = 0.62 (80) 

log (1/C) 0.595(0.277)log P - 3.16; vas 75 2 = 0.69 (81) 

In all four equations (78,79,50,81) the level of correlation is 

not particularly good and again no conclusion can be drawn as to 

the relationship between the calculated value of log P and 

analgetic activity in this series of compounds. 

If the analysis of the series is surveyed no conclusions can 

be drawn as to the relationships between the parameters chosen 

and the analgetic activity of the compounds. The failure of the 

Hansch analysis to produce any positive conclusions could be the 

result of several influencing factors. The two most likely reasons 

for failure are that the number of compounds analysed was 

insufficient or that the parameters chosen were not representative 

of the factors responsible for the analgetic activity of the 

compounds. The number of compounds included in an analysis should 

be such that statistical significance can be reached despite 

errors in measurement. The number of ‘degrees of freedom! 

necessary to obtain significance depends on the accuracy of the 

reaetrenerts and correct parameter values, but as a rough guide 

four compounds should be included for each parameter. Although 

this condition is satisfied in the above analysis, the small number 

of compounds in each analysis will tend to increase the significance 

of any false value included and thus seriously influence the final 

result. The other possible reason for the failure is that the 

parameters chosen were not representative of factors influencing 

   
   analgetic activity.’ A great Hansch anal Ss is too heavy 

  

a reliance on intuition for choice of parameters and this can lead 

to the choice of the wrong par 

  

or insufficient narameters.
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If it is suspected that insufficient parameters have been used 

this is usually easily remedied. However, in this analysis, neither 

set of data contained enough compounds to merit the inclusion of 

another parameter. Thus an explanation of the biological activity 

in terms of more than one of these parameters (a situation which 

is most likely when one considers the complexity of analgetic 

activity) could not be attempted. A further possible reason for 

failure is that the compounds studied are bringing about their 

effects by different biological mechanisms, although, in a series 

of compounds structurally so similar as those studied, this theory 

can probably be discounted. 

In conclusion, it can probably be said that the failure of 

the analysis to show any good correlation between the parameters 

examined and analgctic activity is due to a lack of comprehensive 

data, rather than an incorrect choice of parameters. It is 

difficult to see that the pha of the basic group, the electron 

density of the phenyl ring and the log P values of the compounds 

do not have any significant influence on their biological activity. 

Indeed, it is quite possible that, if a sufficient number of active 

compounds in this series could be obtained to enable the inclusion 

of all three parameters in a single analysis, some correlation 

between pKa, electron densities, log P and analgetic activity 

could be found.
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C: Rigid analog 

  

s-ring closure approach 

Examination of the models of type (49) compounds showed the 

molecules to be fairly flexible. This flexibility enables ea     

molecule to take up a number of conformations, any one of whi 

  

may be the preferred conformer most likely to interact with an 

‘analgetic receptor'. One possible conformation is that the molecule 

may fold round on itself. (82). 

Me~ 7 Me 

¢ 
Me 

——hH—— CH ca oH 
| s 2 R I Me | 

rae 
R S 

(43) (82) 

If rigid molecules having a structural similarity to the 

folded form of the benzamides (82) are synthesised, then the 

biological activities of these two groups of compounds can be 

compared. In a situation where the parent compounds (49) and the 

proposed rigid analogues, the isoquinolones (83), showed sinilar 

activities, it becomes feasible that the preferred conformer of the 

open-chain compounds is one in which the molecule is folded (32). 

Conversely, if the activities of the compared compounds are 

dissimilar, it would appear unlikely that the preferred conformation 

is one in which the molecule is folded as suggested in structure 

(82). The proposed rigid analogue for initial exploitation is 

shown in (83) and the synthetic route adopted in Scheme 6. 

triles (1). Synthesis of ct-an ni     
  

  

The first step in Sch 6 was carried cut 
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= various. 
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(63 ) 

aS KON eee 
NH2HCt 

R2 

CN 

Me 

ie 

H 

Etococt 

CN 
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of the Strecker synthesis. of -Aminonitriles of the type (84), 

substituted on the nitrogen, had not been previously synthesised 

and so a modification of the method used to synthesise the cyclo- 

  

nonitrile (47) in Section II A was attempted. 

c 
y (eis =, Ro = Bt, 

I ie (aye R® 24-01, RY Stet. 
R2 | a 

H 

(84) 

The ketones (85) were stirred at room temperature for 3 days with 

potassium cyanide and ethylamine hydrochloride in the minimum 

amount of water necessary to effect dissolution, 

H. oo | ONE le Ks) R® 
c 

(b) R® = 4-Cl. I 
0 

(85) 

This method produced the o-aminonitriles in yields rather better 

(84% for (84a) and 69% for (85b)) than yields obtained by the 

usual method of refluxing in aqueous ethanol for 6-8 hours (yields 

of around 60%). 

Attempts to make the urethans (86) of these 4-aminonitriles 

by reaction with ethyl chloroformate were unsuccessful. The
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mechanism of acylation is thought to be a rate-controlling 

substitution by the amine on the acyl halide, similar “to that for 

acylation by esters. The failure of these N-substituted &-amino- 

    nitriles to react with ethyl chloroformate is possibly due to 

steric effects. Although the fact that stra: 

  

ght-chain primary amines 

react faster than ammonia shows the importance of the amine 

basicity, the reaction is also subject to steric hindrance because 

secondary amines, although stronger bases than ammonia, react more 

slowly©° + Thus, in the case of the X-aminonitriles it is possible 

that the ethyl substituent on the nitrogen is preventing the 

reaction from taking place as a result of steric hindrance. If 

this was the case, the corresponding N-unsubdstituted &-aminonitriles 

should react quite readily with ethyl chloroformate. 

en (a) Rs 
Me Ce 2 y 

Caer owt eri 
2 WN! i R | 

C=O) 

(66) 

A number of A-aminonitriles of the type (87) had previously 

been prepared®?, The two compounds prepared (87a and b) were 

synthesised using the method stated above for the N-substituted 

A-aminonitriles, with ammonium chloride replacing ethylamine 

hydrochloride. The yields obtained were 95% (87a) and 93% (87b) 

which, again, in the case of the unsubstituted compound (§7a) is 

an improvement on the value quoted for the usual literature 

BL . ‘ : method . Attempts to prepare the urethans of these <-aminonitriles



were slightly more successful. 

CN (a) 

  

Me 2 

NH2 

(67) 

Reaction of the unsubstituted compound (87a) with ethyl chloroformate 

in the presence of sodium hydroxide yielded the desired urethan 

(88). 

( 68) 

The 4-chloro-substituted compound (87b), however, failed to 

react under the same conditions with ethyl chloroformate. 

Elevation of the temperature of the reaction mixture from 0° to 

room temperature also resulted in failure, possibly due to loss 

of the ethyl chloroformate which is extremely volatile. An 

increase in the length of reaction time also failed to yield 

the desired urethan. A possible explanation for this behaviour is 

  

that the 4-chloro group on the benzene ring is stabilising the 

nitrogen lone pair by its electron-withd ; effect and thus 
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preventing its reaction with the carbonyl group of ethyl chloro- 

formate. 

(2). Synthesis of o-aminoesters and their urethans 

During characterisation of the above M-aminonitriles it was 

discovered that they were thermolabile and it was suspected that 

under the conditions necessary for ring closure oi the urethans 

the compounds might degrade. Replacement of the cyano group by 

an ester group would not only render the molecules potentially 

more stable but also eliminate the necessity of the hydrolysis 

step from CN to COOEt in Scheme 6. Two compounds of the type (89) 

were prepared using literature methodso>?0? 51, 

CO2Et @) Ro =F. 

Me (») ne 
3,h-diMed. 

(69) 

Reaction of the two compounds (89a and b) with ethyl chloroformate 

in the presence of sodium hydroxide was successful in both cases, 

yielding the respective urethans (90). 

COz2Et 

Me 

; NH (b) R© = 3,4-di MeO. 
R 

—O 

be 
(90)



(3). Ring closure o 

  

rethans 

The ring closure of the urethans (91) is a modification of the 

Pictet-Spenrler reaction for the synthesis of tetrahydroisoquinolines. 

x R° =H or 3,4-diMe0. 

Me 
he X = CN or COOFt. 

R2 | 
a: 

oft 

(91) 

The Pictet-Spengler reaction is essentially a form of the Bischler- 

Napieralski reaction anc it is known®* that isoquinoline derivatives 

having a hydroxyl function in the l-position may be obtained by 

replacing the usual starting amide (92) with a urethan. 

2 = various substituents. 

R= alkyl or aryl. 

  

(92) 

    
Although no direct mechanistic study has been carried out on the 

Pictet-Spengler reaction, it seems likely to take the same course 

as other aromatic substitutions by electrophilic attack (Scheme 7). 

The reactivity of the aromatic nucleus is important to the success 

of the reaction. The reaction is facilitated by having an increased 

electron density at the voint of proposed ring closure. This



condition is satisfied if the aromatic ring is substituted with an 

electron-donating group (for example, alkoxy, hydroxy) at 

para to the point of ring closure. 

To. 
: 

2 R = 

OEt 

Xx 
ce 

Me 

ZA 
R2 

OH 

x 

Me 
NH 

R2 

48) 

Indeed, few isoquinolones have been synthesis 

of this electron-donating moiety. Ko 

Scheme 7. 

  

compou 

  

OEt 

- EtOH 

/X
 

OH 

Me 

a 

  

position 

d without the presence 

containing electron-



wn
 

withdrawi 

  

s groups in the aromatic nucleus have been synthesised, 

with the exception of the 3,4-dihydroisoquinoline (93) which was 

85 
pieralski method~~. 

  

prepared using the Bischler- 

al N 
ON a 

NOQ 

(93) 

The three compounds with which cyclisation was attempted were 

(9la, b and c). 

‘s ess Sines Ge 

Me (b) R® = H, X = Coot. 
NH 

/ | (c) R® = 3,4-aiMeo, X = COOEt. 
R fess 

oEt 

¢ Ot) 

Attempts to cyclise (9la and b) were unsuccessful using phosphorus 

oxychloride in refluxing chloroform for 4 hours. It was thought 

that an increase in the temperature at which cyclisation was 

attempted might yield the desired product, but refluxing in 

phosphorus oxychloride at 105° for 4 hours yielded only starting 

materials in almost quantitative yield. Replacement of the vhosphorus 

        oxychlor by a more powerful cyclising agent, poly sphoric   

ester, did not yield the desired product. An attempt to cyclise
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(91c) by refluxing in chloroform with phosphorus oxychloride for 2 

hours was also unsuccessful, but refluxing in phosphorus oxychloride 

at 105° for 2 hours yielded the desired cyclised product (94). 

6,7 
Co2Et R° = 37%-dimed. 

Me 
NH 

(94) 

The cyclised compound was one in which an electron-donating group 

was present in a position para to the point of cyclisation. 

Although a few compounds unsubstituted in the aromatic ring have 

previously been eyeiteea’ the present attempts on unsubstituted 

compounds both failed, giving an indication of the importance of 

the activation of the aromatic nucleus in this cyclisation reaction. 

The isoquinolone (94) can exist in two forms- the enol form 

(95) and the keto form (94), an equilibrium being possible between 

the two forms. 

Me ——— Me 
NH 

MeO\ 7 Soe Meo cozet 

Meo7 SS MeO a 

OH 

(94) ¢ 95) 

y 5 A he case of l-hydro 

  

soquinoline it has been sho 

 



U/V spectometric method that the ratio of the equilibrium is 

18,000:1 in favour of the amide form. This study was carried out 

in neutrel aqueous solution at 20° and, ,although the method cannot 

‘detect isomers in a concentration of less than 17, it confirms 

that the amide is the favoured form. Further work on this enol- 

amide equilibrium included an infrared study of X%- and ® shyéroxy 

88 
N-heterocyclic compounds~~. 1-Hydroxyisoquinoline was found to 

absorb in the amide (1630-1780cm"*) and NH (3360-3500cm™+) regions, 

thus confirming the predominance of the amide form. In the solid 

state 1-hydroxyisoquinoline has strong absorptions at 3150cm~> 

and Nessen This compares favourably with the absorptions of 

3120em"* and 1680cm™> observed for compound (94). Thus, it is 

reasonable to assume that compound (94) exists mainly in the amide 

form. 

An attempt at the subsequent stage in Scheme 6, that is, 

reaction of comnound (94) with 2 moles of methyl magnesium iodide, 

proved unsuccessful and, as a result, Scheme 6 was not completed. 

The one isoquinolone obtained by the ring closure route was 

submitted to a primary pharmacological screen and was found to be 

analgetically inactive ( although a small degree of activity was 

recorded in the hot-plate test). This result is not too surprising 

as the molecule does not contain a basic centre, a feature 

apparently necessary for analgetic activity.
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D: Rigid analogues-ring expansion approach 
  

As a result of a survey of the literature and practical 

experience with the compounds in the previous Section, it became 

‘apparent that the original synthetic route to the model compound 

(83) was impracticable. Thus it was decided to investigate another 

method for the synthesis of isoquinolones. A method considered to 

  

be suitable was the ring expansion of l-indanones to 1(2E)-iso- 

quinolones using hydrazoic acid-the Schmidt reaction. 

The original intention in this area of work was to synthesise 

a compound structurally analogous with the isoquinolone produced by 

the ring closure method. the compound finally chosen (95) and its 

method of synthesis are shown in Scheme 8. Although the compound 

(95) is not strictly analogous in that the benzene ring is 

unsubstituted and the ester is a methyl, not an ethyl, ester, the 

overall structure of the molecule is basically similar. Scheme 6 

was partially successful and compound (95) was synthesised. An 

attempt at the subsequent step in the synthetic pathway (Scheme 6), 

that is, attack on the ester group by 2 moles of methyl magnesium 

iodide, produced only an almost quantitative return of starting 

material. Obviously other methods for the introduction of a basic 

group into these molecules had to be found. 

(1). Substitution versus elimination 

As a result of the failure to introduce a basic group into the 

isoquinolones so far produced another synthetic scheme was 

investigated (Scheme 9). In this synthetic scheme (¢) the basic 

group has been introduced directly onto the ring instead of being 

separated from it by one carbon, as proposed in Scheme 6. The 

preparation of two compounds (98a and b) were attempted by Scheme 

chi and co- 

  

9. Compound (97a) had previously been prepared by 
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(96) 
R2NH 

  

ee Ne ge NR2 

—~ 
Me 

SS NH Me 
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(98) a)R=Me (97) a)R=Me 
b)R=Et b)R=Et 

Scheme 9. 

workers®? and this method was applied to the synthesis of both 

compounds (97a and b). Buchi Borer tad that by reaction of dimethyl- 

amine with 2-bromo-2-methyl-l-indanone two compounds were obtained. 

The report indicated that the 2,2-disubstituted compound (97a) 

was isolated in good yield (70%), followed by the 2,%-disubstituted 

compound (99) in poor yield (25.3%). However, in the present study, 

the reaction of dimethylamine and diethylamine with the 2-bromo 

compound yielded only the 2,3 isomer in both cases in yields of 

26.3 and 7.5% respectively. In correspondence, Buchi coneirned 

that the total yield of the two isomers was only 13.5% and the 

possibility that, in the present study, the 2,2 isomer was being 

formed in amounts too small to be detected could be postulated. 
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This, however, still does not agree with the previously published 

york?? which stated that the major proportion of the mixture 

consisted of the 2,2 isomer and that this was isolated first. 

NMe2 

NMeg 

Me Me 

(97a ) (99) 

That the compound obtained in the case of reaction with 

dimethylamine was the 2,3 isomer was shown by comparison of the 

physical characteristics of the compound obtained with those 

previously quoted (Table 6). 

  

  

  

  

          
  

DATA] COMPOUND (100)] (99) 2,3 ISOMER] (97a) 2,2 ISOMER 

IR 1715 em™+ 1720 em? 1695 en? 
C===0) 

meDe 162.5° 162° 218° 

NMR | 78.55 a 3H 18.45 a 3H T8.40 s 3H 

T 6.40 m 1H T6.90 m 1H 777.10 5 6E 

75.10 a 1H Th.98 a 1H T6.k5°q co 

Table 6 

Similarly, by comparison of the physical characteristics of the 

compounde obtained by reaction with diethylamine, it was shown that 

compound (97b) was probably also the 2,3 isomer (Table 7). In a 

consideration of the NMR data of Table 7, account must be taken of 

the replacement of the dimethylamino portion of the original 

molecule (97a) by diethylamino. The signal at T 8.55 shows an 
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integral for nine protons in the form of a multiplet. 

  

  

  

  

  

DATA| COMPOUND coi)! 2, 

IR 1720 em? 
c_.6 

mp. 142° 162° 

NMR 8.55 m 9H 6.45 a 3H 

6.60 m 5H 6.90 m 1H 

5.05 a 1H 4.98 4 1H         
  

Table 7 

This is due to the coincidence of the signal for the methyl 

portions of the diethylamino group (normally a triplet integrating 

for six protons) and the signal for the protons of the 2-methyl 

group (normally a doublet). Similarly, the signal at T 6.80 is a 

multiplet which has an integral value for five protons, comprising 

of the four proton quartet of the diethylamino group together with 

the one proton multiplet of the proton on C-3. The proton on C-2 

is unaffected directly by any change in the amine group and thus 

the one proton doublet is in its usual position at about T 5.00. 

The reason for the formation of these two isomers is probably 

the result of two competing reaction mechanisms for the reaction 

of the amine with 2-bromo-2-methyl-l-indanone. That the E2 

elimination mechanism is analogous to and competes with S,2 
N 

ae. The two isomers obtained by the reaction substitution is known 

of the amines with 2-bromo-2-methyl-l-indanone were suspected to 

result from these competing mechanisms. Sye substitution of 
n 

compound (162) by an amine would lead to the 2,2-disubstituted 

isomer (Scheme 1C). An E2 elimination would give rise to th 

    

y elimination followed by an addition acro 

  

the double bond (Scheme 11). 

 



(102 ) 

Ge NR2 

H H 

Br 

Me 

0 

Scheme 10. 

| 

  

Me 

   



M———— solvent (chloroform) 

2-bromo-2-methyl-1l-indanone 

isomeric 
bases   

  injection point   
   



= 62 = 

Consequently, it was decided to investigate the mechanistic 

course of the reaction by variation of the reaction conditions and 

examining the way in which the ratio of the products obtained 

varied with the conditions used, If the conditions were chosen so 

  

that either elimination or substitution should be the preferred 

reaction, then an examination of the ratio of the compounds produced 

should give an indication of whether the situation was one of 

substitution versus elimination. Initially, however, it was 

necessary to prove that both compounds were formed, because, in 

this present study, the 2,2 isomer had never been isolated. An 

examination was made of the mixture obtained from the reaction of 

diethylamine with 2-bromo-2-methyl-l-indanone. The reaction was 

carried out at room temperature for 24 hours in absolute ethanol, 

using a 2.5x excess of diethylamine. Diethylamine was used in 

preference to dimethylamine because of its higher boiling point 

and is, practically, more easily handled. 

A gas-liquid chromatographic examination of a chloroform 

solution of the mixture of bases obtained was carried out using an 

OV 17 (5%) column. Injection of iplitre of the solution (0.92%) 

with an oven temperature of 170° and an amplification of 20 yielded 

the spectrum in Figure 1. From Figure 1 it can be seen that there 

  

are, indeed, two components in the mixture. Assumi these two 

  

os 

components to be the two bases, a study of how variation in 

reaction conditions affected the ratio of the isomers produced 

was carried out. The method used for the determination of the ratio 

    of the two isomers was one involving a solution infrared study 

(for details see Experimental Section). The results obtained can 

be seen in Table 8. 

From an examination of Table 8 the effect of various changes
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COMPOUND RATIO 

2,2:2,3 TSO 

(103a) EtOH 27° | 2ynr |5x diethylamine 1:1. 203 

(103b) EtOH 27° ehhr |2kx diethylamine 1:1.09 

(103¢) EtOH 27° eékyhr |10x diethylamine Kb selcae 

(1034) ar ekhr |5x diprorylamine 

(103e) 27° | 2hhr |5x dibutylamine 

(103f) a 2kuhr |5x diphenylamine no 2,2 cpa, 

(1032) 27° @hhr |5x diethylamine 1:1. 382 

(10h) 27° | 2hhr |5x diethylamine 1:1.64 

(103i) g0° | 24hr |5x diethylamine | no 2,2 cpa. 

Table 8 

in reaction conditions on Sy2 substitution versus E2 elimination 

can be seen. The first effect which can be examined is the effect 

of the substrate structure. Under second-order conditions ol- 

branching increases elimination, to the point where tertiary 

substrates undergo few Sy2 reactions and two reasons could be 

presented to explain this trend. One is that, as of -branching 

increases, there are usually more hydrogens available for the base 

to attack. The second reason is that o-branching increases steric 

hindrance to the attack of the base at the carbon. If the ratios 

of isomers obtained from the four bases used (diethylamine, 

a@i-n-propylamine, di-n-butylamine and diphenylamine) are examined, 

it can be seen that, as the size of the base increases, the ratio 

of the elimination/addition product increases to a point where, 

in the case of diphenylamine, no 2,2 isomer is produced. Although 

this steric effect of the attacking base is not strictly analogous 

to the steric effect of the substrate previously mentioned, it can 

be seen that, as the siz of the base increases, substitution will 

become more difficult, leading to an increase in the production of
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the 2,3 isomer. 

The second effect to be examined was that of the eolvent: As 

the solvent polarity is increased the S).2 reactions are favoured 

at the expense of H2 reactions. From an examination of Table 8, it 

can be seen that increasing the polarity of the solvent by using 

50% and 75% aqueous ethanol instead of absolute ethanol had the 

effect of increasing the amount of 2,3 isomer. This is not the 

expected result if the reaction is one in which elimination competes 

with substitution. However, an additional factor may be involved 

here as 2-bromo-2-methyl-l-indanone is insoluble in water and the 

use of aqueous ethanol tends to lead to reaction of a suspension of 

2-bromo-2-methyl-l-indanone with diethylamine. Thus a solubility 

factor may be having an effect on the ratio of the two isomers 

produced. 

As the temperature of the reaction is increased eliination is 

favoured at the expense of substitution and this can be seen to be 

the case in the present study. Increasing the temperature from room 

temperature to a temperature sufficient to reflux (about 80°) the 

reaction mixture leads totally to an elimination/addition product. 

The final effect examined was that of the concentration of 

the base used. High concentrations of base favour elimination 

whereas lower concentrations favour substitution. This is apparently 

the case in this study, as increasing the concentration of diethyl- 

amine used from 2,.5x—+5x—+-10x excess gave a steady increase in 

the proportion of 2,3 isomer produced. An equimolar quantity of 

ciethylamine was attempted but the total yield of isomers produced 

was insufficient to allow a determination of the ratio of the 

  

products. From all the above results it appears likely t 

ve evi 

  

although there is no totally concl 
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indeed, one of E2 elimination versus Sye substitution. 

The two 2,3 isomers isolated (99 and 101) were both ring- 

    expanded to 3,4-disubstituted isoquinolones, using the Sch t 

reaction. 

NR2 

WRe i 
e ae 

Me SS NH 

0 0 

(99) R=Me (104) a) R=Et 
(101) R=Et b) Ree 

The Schmidt reaction, in fact, covers a number of related 

reactions of hydrazoic acid with various types of organic molecules 

in the presence of strong acid. The most important Schmidt reactions 

are those carried out with carbonyl compounds and the currently 

91 
accepted mechanism, proposed by Oliveri-Mandala*’, is set out in 

Scheme 12. 

OH r 
| 

RCORD 2 Rew ——+ R—C—Rr' —-——+ R—C—R' 
+ + 

NHN Ce 

a 

+C—R! 
nl | 

R—N 

  

and in the case of 

ketones 

   



\ 
Oy

 

regarding the nature of the products formed by ring expansion 

during this study can be found later in this section. 

  

> reaction was carried out on compounds (99 and 101) using 

sodium azide in a medium of concentrated sulphuric acid and yielded 

the two compounds (104a and b). 

Compound (101) was subjected to CNS pharmacological testing 

and was found to have no analgetic activity. No pharmacological 

results are available, as yet, for the two isoquinolones (104a and 

db). 

(2). Preparation and properties of some 2-substituted-l-indanones 

Although compound (101) showed no analgetic activity, it must 

be borne in mind that the basic group is attached directly to the 

ring, whereas in the model compound (83) the basic group is 

separated from the ring by a carbon atom. In order to introduce 

this carbon atom a new synthetic route had to be considered. If 

2-methyl-l-indanone undergoes a Mannich reaction and the Mannich 

base so produced is ring-expanded, then the introduction of this 

carbon atom would be achieved (Scheme 13). 

CH2NRz 
HCHO. . 

Me Me 

| 0 

NaN, 
\ >Figs0y 

CH2NRo 

Me 

NH
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The Mannich reaction consists of the condensation of ammonia, 

  

or a primary or secondary amine, with formaldehyde and a compound   

containing a reactive hydrogen. The mechanism of the Mannich reaction 

has been a source of controversy with respect to whether formaldehyd 

is first attacked by the active hydrogen compound or by the amine. 

The evidence now séems to favour the latter mechanism. In the 

acid-catalysed reaction it is thought that the reaction proceeds by 

the mechanism outlined in Scheme 14, 

NR2 Ro N 

cae + RoNH ——~ q—c—H O48 p— a CHp—c-—Rp'! 

OH H 

Ll f H fr 

RyN—C—CHp—c—r! «—Ho R,N—C—cH,—c—R’ 

4 H 

Scheme 14. 

In this mechanism, it is the free amine and not the amine salt 

which reacts, even in acid solution; the active hydrogen compound 

reacts as the enol when that is possible. 

The Mannich reaction has previously been attempted using 1- 

indanones. 1-Indanone itself has been treated with morpholine 

hydrochloride and formaldehyde to yield 2-morpholinomethyl-1- 

94,95, gs ; yee OS: ae ‘ ; 
indanone in 82% yield’2. More recently several Mannich bases 

of the type (105a) have been prepar 

  

d. However, no Mannich bases of 

  

  

yl-l-indanone have previously ed and it was 

  

been pre



decided that several compounds of the type (105b) should be prepared, 

using various amines. 

if 4 a) R! = BL 
CH2NRo ri 

R' (b) Rt = Me. ! 

(105 ) 

The general method used was to reflux 2-methyl-l-indanone, the amine 

or its hydrochloride salt, 40% formalin solution or paraformaldehyde 

and concentrated hydrochloric acid for various periods of time. After 

working up, this method yielded the Mannich bases in yields shown 

in Table 9. 

  

  

  

BASE (NR,) YIELD % 

Dimethylamino 83.5 
; ; CH2NR2 Diethylamino 18.9 

Piperidino 17.8 Me 

Morpholino 19.5 

n4_methylpiperazino 62.8       (105 b)   

Table 9 

Also prepared were the corresponding Mannich bases of the type (105a), 

several of which had been previously prepared. 

The two series of indanones, (105a and b), were submitted to 

  

a primary pharmacological screen. qualitative results of the 

primary screen are shown in Table 10 (for more detailed results see 

Tables 18,19,20 in Pharmacology section). As can be seen from 

1 results have been received to 

  

Table 10 not enough pharmacolog:



enable any structure-activity relatiouships to be formulated in 

these two series of compounds. 

  

  

(a) Be 
CH9B (by B= 

R (c) B = plperidino. 

(4) B = morpholino. 

0 (e) B= nt -methylpiperazino. 
GlO6) Ris. 

(107) RB = Me. 

COMPOUND IOT-PLATE TEST PEENYLQUINONE TaST 

  

  

(106a) No results available | No results available 

(106b) No results available | No results available 

(106c) | Toxic Toxic 

(106d) | No results available | No results available 

(1062) | No results available | No results available 

(107?a) No results available | No results available 

(107) | Inactive Negligible activity 

(107¢) No results available | No results available 

(1074) No results available | No results available 

(107e) | Marked activity Marked activity         
  

Table 10 

However, the compounds for which results have been received show a 

remarkable degree of variation in their activities.Compound (106c) 

was very toxic and caused the death of almost all the test animals 

used, Compound (107b) was found to have no activity in the hot- 

plate test, showing no significant increase in reaction time 

compared to an injection of saline. In the phenylquinone test, 

  

however, compound (107b) showed a small amount of activity, ca 

 



ree 

compared with 45% inhibition caused by a dose of LOwM/Ke of 

codeine. No toxicity was found using this compound. Compound (107e) 

showed marked activity in the hot-plate and phenylquinone tests. 

-In the hot-plate test injection of 50meg/Kg subcutaneously of 

compound (107e) caused a marked increase in reaction time. Further 

investigations in this test yielded an EDs value of 27mg/Xg (18.8- 

52.6) compared with an ED.,. value of l4mg/Ke (7.3-26.6) for 50 
codeine. Administration of 100mg/Kg of compound (107e) caused 

convulsions from which all the mice recovered. Because of these 

convulsions, which are an indication of narcotic-like activity, 

no further interest was shown in the compound. In the phenyl- 

quinone test 100mg/Kg percutaneously of compound (107e) caused 

98.5% inhibition of writhing, compared with 76.8% inhibition caused 

by 10mg/Kg of codeine. ED 0 evaluation of the compound is being 
D 

carried out in the phenylquinone test. 

(3). Preparation and vroverties of some 3-substituted-l-oxo-iso- 

Quinolines 

All the compounds in the two series of indanones, (105a and bd); 

were ring-exranded to isoquinolones using hydrazoic acid in a 

manner analogous to that for the 2,3-disubstituted indanones (99 

and 101). The yields of the comrounds obtained can be found in 

Table 11. 

  

CH2B (a) B = dimethylamino. 

(b) B = diethylamino. 

: ie) NH a 
(a) 

(Ce) 

(108) R =H. 

(10 .o
 $ A



  

COMPOUND 

  

  

(109a) 

(109) 

(ic0g9c)       
        

(105 

(10! 

(108a) Chao 

(1098) 65.5 

(108¢) 86.4 

(1084) 81.6 

(108e) 81.3 

Table 11 

Certain of the compounds in the series without the 2-methyl 

substituent (108) had previously been reported in a patent?*, The 

patent stated that only one compound was obtained in all cases, 

although it is known from previous work?° that mixtures of isomeric 

amides are usually formed in reactions of this type. In all the 

Schmidt reactions carried out as stated above only one product was 

obtained. A decision was taken to show that, although the crucial 

rearrangement step of the Schmidt reaction allows the rroduction of 

two isomers, only one isomer is, in fact, being produced in this 

present study. 

Investigation into this isomerism was first carried out by 

Smith and Horowit2?®, who examined certain substituted benzophenones 

and arylalkyl ketones. They considered that the intermediate CLIO) 

which is a feature of the mechanism of the Schmidt reaction, has a 

structure which indicates the possibility of geometrical isomerism. 

R—c—Rr' 

re 
N——No 

(10)



eat 

The suggestion was made that if the trans group migrates from C to 

N as in the Beckmann rearrangement, the ratios of the syn and anti 

configurations would determine the relative extents of migration of 

R and R'. An investigation was then made to demonstrate whether the 

‘migration aptitudes! (that is, relative rates of migration) of the 

migrating groups determined the ratio of the isomeric anides 

produced in the Schmidt reaction. The work was carried out using a 

series of para-substituted benzophenones and it was found that the 

ratio of amides produced was almost independent of the para 

Buber erences However, an examination of the steric factors involved 

in the rearrangement showed that great changes in the ratios of 

amides could be brought about by an alteration of the steric 

environment of the carbonyl group. A series of arylalkyl ketones 

of the type Ph-CO-R (R = methyl, ethyl, isopropyl, tert-butyl) was 

examined and it was found, from the migration ratios, that as the 

alkyl group became more branched (that is, steric effects increased) 

then the preferred migration changed from phenyl to alkyl migration. 

It is also worth noting that this same branching had a retarding 

effect on the reaction as a whole, giving poorer overall yields as 

97 the branching was increased. More recently it has been shown that 

l1-indanones containing no substituents in the benzene ring yielded 

quinolones as the sole isolable product. This information, when 

compared with the reported products in the patent?4, appears to be 

contradictory. On the basis of this apparent contradiction it was 

decided to investigate the ring expansion of the two series of 

indanones (105a and b) to a greater extent. 

Initially it was necessary to prove whether the sole isolable 

product obtained was an isoquinolone or a quinolone. A method of 

comparison by examination of the infrared: frequency of the carbonyl



SiS 

2 9 
groups had previously been attempted”® and a small difference 

(25en0 had been observed, the isoquinolone (111) having lower 

frequencies than the quinolone (112). 

RA R 

HH Se X 0 

0 
cm) (12) 

a ocH, C=0 freq. = iescen "= Res OCH, C=O freq. = 1665em"! 

Zon C=0 freq. = 1670cm™+ R =H <0 freq. = 1675em > 

However, this difference is too small to assign a structure to a 

compound with any degree of certainty. In the same study?” a Uv 

method of identification was used. This method consisted of reduction 

of the quinolones and isoquinolones to their respective bases and 

examination of the effect of the addition of acid on the U/V spectra. 

The results showed that the compounds derived from isoquinolones had 

unchanged spectra, whereas those derived from quinolones exhibited 

a hypsochromic shift, indicating that the nitrogen was attached to 

the benzene ring. The possibility existed that the U/V spectra of 

the isoquinolones and quinolones themselves were sufficiently 

different to allow identification and this was investigated. 

The U/V spectra of the two series of ring-expanded compounds 

produced were run and compared with the spectra of quinolone (113) 

and the isoquinolone (114) which had been prepared by unambiguous 

routes. These two reference spectra can be seen in Figures 2 and 3 

respectively. The assumption was made that substituents in the 3
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position of the compounds under examination would not significantly 

alter the U/V spectra and thus each U/V spectrum obtained was 

compared with the two standard spectra. 

Meo CO2Et 

‘Me 

N 0 Med: 
H 

(113 ) (14) 

The results obtained can be seen in Table 12. By comparison of the 

spectra obtained with those of the two reference compounds it can 

be seen that all the compounds have spectra similar to the iso- 

quinolone (114), except compound (116) which had a spectrum similar 

to that of quinolone (113). 

If it is assumed that the intermediate (115) can exist in the 

cis (a) and trans (b) (to the benzene ring) forms, then an equilibriun 

situation can exist (Scheme 15). 

R' R! 

R R 

N N 
oe re 
N2 No 

(15a ) (115b ) 

Probably the cis form of the intermediate is the more stable as there 

+ 
is a degree of steric hindrance to the diazonium (N2) croup in the
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DETAILS OF U/V SPECTRUM 
max. eee ) 

INFERENCE 

  

Exper: 

(95) 

(109a) 

(109») 

(109¢) 

(1094) 

(loge) 

(116) 

(108a) 

(108) 

(108c) 

(1084) 

(108e) 

(96)   

    

  

ice svectra 

B45( 1082), 331(1636), 320(1266), 

(1451), 27101768). 
302(2779), 265( 3959), 224(12000). 

| spectra 

288(570), 279(738), 234(6458). 

250(947), 280(1238), 232(8810). 
292(1650), 281(1440), 232(11100). 

325(598), 290(1009), 235(6918). 
287( 325), 228( 3048). 

267(1037), 279(1250), 232(10000). 

338(645), 325(1004), 315(867) ,283 

(2553), 276(2872), 247(6278). 

345( 30), 285(865), 276(1034), 231 

(8396). 

340( 54), 290(1098), 231(8730). 

290(975), 280(1338), 236(4100). 

286(616), 275(788), 231(7407). 

285(723), 273(964), 236(7879). 
291(375), 281(1000), 249(10750). 

2707 

  

Quinolone 

Isoquinolone 

Isoquinolone 

Isoquinolone 

Isoquinolone 

Isoquinolone 

Tsoquinolone 

Tsoquinolone 

Quinolone 

Tsoquinolone 

Tsoquinolone 

Tsoquinolone 

Tsoquinolone 

Tsoquinolone 

Tsoquinolone     

Table 12 

trans form wnen there is an M-substituent present. Frevious work 

S 
had Show ¢? 72 that if the 4 -methylene is unsubstituted the 

product of the reaction is a quinolone. However, if the Km -methylene 

is substituted this causes steric interaction in the trans inter- 

mediate. Cn the assumption that the energy barrier for inter- 

conversion of the isomers is low (that is, interconversion can take 

place faster than rearrangement), then all the 

revert: to 

will yield the isoguinolone as the sole product 

A possible explanation as to why compound (116) yiel 

quinolone arises from 

  

intermediate could 

the less hindered cis form and the subsequent rearranzement 

ads a 

ination of the structure of the 

intermediate (117). In this case the usually unstable trans



LD ee 

  
Scheme 15.



coe ae ae 

  

Cc intermediate is capable of being stabilised by electrost 

interaction between the positive charge on the nitrogen and the 

lone pair of electrons on the oxygen. 

H H 

CO2Me t OMe 

oO 0 pee 

l 
(A169) C 14959 q 

If this was the only factor involved it would be reasonable to 

expect that compound (95) would also give rise to a quinolone. 

This is not the case, the ring expansion of (95>) yielding only 

the isoquinolone isomer. However, further stabilisation of the 

intermediate (117) is possible, in that the intermediate can exist 

in two tautomeric forms (117a and b). This tautomerism is not 

possible in the case of the 2-methyl substituted comround (95b). 

H 

riche C—OMe 

N oe HN 

Il Il 
N 

(17a ) NT) 

Thus, although the trans intermediate of compound (95b) can be 

    

stabilised to a certain extent by its ty to form a pseude 

6-membered ring, this increased stabi is not sufficient to
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outweigh the fact that the cis intermediate has no steric 

hindrance. In the case of compound (116), however, thé trans inter- 

mediate is further stabilised by its ability to tautomerise and 

this may disturb the equilibrium of eet ts isomers sufficiently to 

cause the trans isomer to be the more stable and thus cause 

rearrangement to the quinolone form. 

Having demonstrated that the ring-expanded compounds obtained 

were, with one exception, isoquinolones, the compounds were all 

submitted to a primary analgetic screen, the qualitative results 

of which can be seen in Table 13 (more detailed results can be 

found in Tables 21,22,23,24,25,26,27 in the Pharmacology section). 

  

  

CH2B (a) B = dimethylamnino. 

R (b) B = diethylamino. 

NH (c) B = piperidino. 

(a) B = morpholino. 

0 (e) B= wi _methylpiperazino. 
(108) R = =. 

(109) R = Me. 

COMPOUND HOT-PLATE TEST PEENYLQUINONE TEST 

(109a) Inactive Negligible activity 

(109b) No results available | No results available 

(10Sc¢) Inactive Moderate activity 

(1094) Moderate activity Moderate activity 

(109e) No results available | No results available 

(108a) Inactive Marked activity 

(108) No results available | No results available 

(108c) Inactive Inactive 

(108d) Inactive Marked activity 

(108e) Tnactive Marked activity         
Table 
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Again, as in the case of the indanones, comprehensive results are 

not yet available and so no structure-activity relationships can be 

postulated. Two generalisations can probably be made, however, from 

the results at hand. Firstly, the analgetic activity of the compounds 

which are active manifests itself to a greater extent in the phenyl- 

quinone test than in the hot-plate test. The second observation is 

that the compounds without a methyl substituent in the 2 position 

appear to have better overall analgetic activity. 

Examining the results in more detail, it can be seen that only 

one compound, (109d), shows any significant activity in the hot- 

plate test. After administration of (109d) in a dose of 200 uM /Kg 

subcutaneously, reaction times in the hot-plate test increased to 

51 seconds, compared with a control time of 35 seconds. An EDco 

evaluation was carried out, giving a value of 419( 220. 4-796) uM/KE 

which does not compare favourably with the EDs value of 76.8(46- 

127) sM/Ke for codeine. Three compounds showed some degree of activity 

in the hot-plate (interaction with morphine) test. This is a test 

designed to investigate morphine antagonism. At a dose of 50me/Ke 

subcutaneously compound (109c) caused a slight reduction in 

reaction times when administered with morphine (15mg/Kg), although 

the reduction did not compare favourably with that caused by 

pentazocine. Compound (108c), at a dose of 200pM/Kg subcutaneously, 

caused a similar reduction in reaction time in the morphine 

interaction test. Compound (108e) also caused a reduction in reaction 

time, which was slightly larger than compounds (109c and 108c) at 

a dose of 50mg/“g subcutaneously. 

More compounds showed activity in the phenylquinone test than 

in the hot-plate test. As stated previously, the compounds with the 

highest analgetic activity are to be found in the series without
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the 2-methyl substituent. Compound (109a), at a dose of hOOmM/Ke 

percutaneously, caused 37% inhibition of writhing in the phenyl- 

quinone test, compared with 54% inhibition caused by administration 

of pe /KE of codeine. The corresponding dimethylamino compound in 

the unsubstituted series, (108a), caused 70% inhibition of writhing 

at a dose of 100mg/Kg percutaneously. This compares quite favourably 

with 55% inhibition caused by l0me/Ke of codeine. Similarly, the 

morpholino substituted compound (108d) caused 81% inhibition of 

writhing at a dose of 1COmg/Kg, compared with compound (109d) which 

gave 57% inhibition at a dose of 4OOuM/Ke. An EDs evaluation of 

compound (109d) gave a value of 448(incalculable Limi ts) pi/Kg 

compared with a value of 19(8-45.4) pl /Ke for codeine. The EDe9 

value for compound (108d) of 210(45.7-966)me/Kg does compare 

slightly more favourably with a value of 5.7(2.4-13.6)mg/Ke for 

codeine. The most active compound found was the ni emethylpiperazino 

compound (108e). A dose of 100mg/Kg percutaneously caused 81% 

inhibition of writhing, but, as yet, no EDeg value is available for 

this compound. One apparent anomaly in this pharmacological study 

is the activity of compound (109c) in the phenylquinone test, as 

the corresponding compound (108c) showed no activity at all. A dose 

of 100mg/Kg of compound (109c) caused 49.1% inhibition of writhing, 

whereas compound (108c) showed no inhibition of writhing whatsoever. 

Three compounds from this primary analgetic screen (109c, 108a and 

e) are currently under investigation in the adjuvant arthritis test. 

The original reasoning behind making the benzamide series of 

compounds more rigid was an attempt to compare the activity of a 

fairly flexible structure with that of an analogous structure which 

had a fixed conformation. The model compound (83) which was chosen 

  

was unfortunately not attained duri the course of this study. 

However, two series of compounds with fairly close structural



eo 

  

relations were synthesised and tested. A strict comparison be 

  

een 

these series of isoquinolones and the original series of benzamides 

  would not, however, b e valid as the compounds are not strictly   

  

structurally analogous. The general poser eetien can be m : 

however, that both series of compounds show some legree of analgetic 

activity. Also it san be said that this activity manifests itself 

more in the phenylquinone test than in the hot-plate test. 

A more meaningful comparison might be made between the series 

of isoquinolones without the 3-methyl substituent and a series of 

pbenzamides with a more flexible structure (118). 

peo gs ae “ 
oO R 

( 118 ) 

The rharmacology of this type of benzamide has been previously 

discussed (see section A of Section II). A further point of 

interest is that of the numerous examples of this tyre of compound 

which have been synthesised, only one series of compounds (119) 

show analgetic activity. 

R 

NH 

Me 

hore aes CHa ——N 

0 Me
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The majority of the compounds of type (118) appear to be local 

anaesthetics??? 996597558 Thus, it would appear that making the 

molecule more rigid changes the biological activity from local 

anaesthesia, acting on the PNS, to analgesia, acting on the CNS. 

This suggests that the two types of compound are acting by totally 

different biological mechanisms. Consequently, it appears likely 

‘that, if the model series of compounds (83) were synthesised and



  

srectrometry 

On the basis of the major peaks observed schemes for proposed 

segradation pathways are su. 

  

sted although, in some cases, possible 

  

or degradation pathways are also presented. In the more complex 

spectra some metastable peaks and certain ion fragments are 

unassigned. 

Guy i-(2-Substituted-benzami domethyl)-cyclohexyldimethylanines. 

Me 
R C—— NH—— cH. ao 

| Q ~S I Me 

(49°) 

Mass spectra of these compounds rarely show a molecular ion 

peak and the molecular ion breaks down as indicated (Scheme 16) to 

yield the substituted benzoyl. cation and a common cation fraguent 

at Be 126 which is almost invariably the base peak of the spectrum. 

The substituted benzoyl cation then fragments in the usual manner 

by initial loss of the substituent R and abstraction of a proton by 

the fragment ion from the neutral molecule to yield the unsubstituted 

benzoyl cation Ze 105. This fragment ion then loses carbon monoxide 

to yield the fragment Co. (®/e 77) (Scheme 17). 

The common cation fragment Ve 126 abstracts a proton from the 

neutral molecule to yield the neutral fragment Be 127. The 

  
fragmentation of this ion presents several possibilities (Scheme 18). 

All the possible pathways commence with &-cl of the cyclo- 

  

hexyl ring to yield the radical ion Pe 127. This fission can then



aoe 

  
Scheme 16.
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Scheme 17. 

be followed by transfer of a hydrogen radical from the 2 position 

with associated homolysis of the 3-4 bond to yield the fragment ion 

Bye 84 and a propyl radical Pe 43, Three further pathways could 

arise by cleavage of the alkyl chain bonds without transfer of a 

hydrogen radical. Cleavage of the 2-% bond yields a radical ion 

Bye 71 and a neutral fragment Eye 56. However, cleavage of the 3-4 

bond yields a radical ion Ble 85 and a neutral fragment Ble 2. 

Finally, cleavage of the 4-5 bond yields a radical ion Bye 99 and 

a neutral fragment "ye 23.
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0 
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As in Scheme 18. 
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(2) o+-Aminonitriles. 

  

(84) 

The mass spectra of this series of compounds do not show a 

molecular ion peak but & -fission takes place immediately as 

shown in Scheme 19. 

H2 lg 

+H 
ch CN 

Loree Re N 
m 

CyHy Me 91 “Le 97( RI=Et) 
69(R=H) 

  

Scheme 19. 

The radical thus produced loses the substituent R® to form the 

tropylium ion Bye 91. The proposed degradation of the cation 

iL a3 
depends upon the substituent R”. If R” =H then the original 

fragmentation of the molecule would produce a cation Ble 69. This 

ion could then expel hydrogen cyanide to yield a cation Me 42 

1 (Scheme 20). If R” = ethyl then the original f mentation of the 

  

molecule would produce a cation "/e 97. Fission of the C-N bond 

  

on the ovposite side from the original cleavage with hydrogen 

  

rearrangement is then possible, producing an & 69 and 

 



The ion so produced can then fragment as in Scheme 20. 

  

H Me 

oe +N— C 

H CN 

m 

"Ze 69 

Scheme 21. 

HCN 

In all cases, whether the amine is primary or secondary, a 

small peak at M-27 is observed which corresponds to the loss of 

hydrogen cyanide. 

Proposed degradation pathway of 2-amino-2-methyl-3-phenylpropano- 

nitrile (87a) 

Me 

TNH 

 



Ob 

; 

Proposed desradation pathway of 2-ethylamino-2-methyl-3-phenyl-— 

propanonitrile (84a) 

  
  

Only two compounds of this type were prepared and the mass 

spectra of both showed a base peak at Bye 116. This was derived by 

-fission of the molecular ion in a manner analogous to the 
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AK-aminonitriles (see Scheme 19). This type of fission produced the 

same cation fragment, ™/e 116, in both cases, together with the 

appropriately substituted tropylium radical. The ion fragment 

Bye 116 could een undergo a Mc€Llafferty rearrangement, losing a 

molecule of ethylene to form the cation Bye 88, The ion fragment 

Bye 116 could also lose a molecule of ethyl formate to yield the 
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Froposed « 

  

ation pathway for 2-amino-2-methyl-3-(substituted— 

phenyl)-propanoic acid ethyl 

  

ers (89a and b) 

a 
R Me ane sd 

RY NH 

"/e 207(a) 
i 267(b) 

Me CHy RZ 5 
Me COzEt 

Pe | a + 

+ NH, 

ae 3 ile R 
yn 
%e 134(a) My, 46 

194(b) a 

4 NR ee 
*COoEt ¢ 

COoH 

  

C—Me + CH2==CH) 

I 
p + NH ey, a8 Te 42 2 © 2 

We 88 ze 

HCO2Et 

m 

“Te Th



(4) Ur ans 

  

R Me 

R" 

R’ 4 

c=0 

| 
OEt 

(88) R= R' =H, R'' = CN. 

(90a) R = R' = H, Rt = COORt. 

(90b) R = R' = OMe, R't = COOEt. 

In all three compounds the two major peaks in the spectra were 

produced by the normal o-fission (Scheme 

previous two sections. 

  

py 
7e 232(88) 

279(90a) 
339(90b) 

22) as discussed in the 

; Me eal 
RF CHo i 

iz +NH 

RSS eo 

” OEt 

7e 9\(88,900) Oy otaes 
b = 

eae 188(900,b) 
Scheme 22, 

In the aminonitrile (88), the cation Be 142 produced could 

lose a carbethoxyl radical, Ble 73, to produce the ion fragment 

Bye 69 (Scheme 23), after having abstracted a proton from the 

neutral molecule. This ion fragment Ble 69 could then lose a 

molecule of hydrogen cyanide to yield the ion Ble ha, 

In the aminoesters (90a and b) the ion produced by the 

  

avstraction of a proton to y 

  

» could fragment 

y loss of a 

   
m 

to produce an ion fragment -/e 

by two possible routes 

carbe 

  

cyl radical and 

an ion ®/e 116 and then loss of 

   2 other 2, and the
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route t elimination of ethanol to yield the 

ee 

CNN Me \ cat oes 
a Sa #NH2 
| es hy 

+NH ote 
a « 
aan 25°5 

<<: 

ort Me—0 =NH - HCN m 
ms m re © 142 “Te 62 ¢ 27 

Scheme 23. 

This elimination of ethanol has previously been observed in the 

100,101,102 
spectra of urethans and is diagnostically important, 

since this pathway is unavailable to N,N-disubstituted urethans. 

Me 7 CO2Et 
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se - *COzEt C—Me 

+NH9 ic 

m m 
e116 The 142 

+ 

Me —C == NH + HCO2Et 

m my 
“te 42 
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Tee ._m 3 ee 
The ion fragment =/ 8: 116 produced in Schem 

  

e 24 can also undergo a 

McClafferty rearrangement, as previously discussed in the section 

on OL-aninoesters, thus eliminating a molecule of ethylene to 

* s m aR 
produce the ion —/e 88. 

Another possible fragmentation pathway which is common to all 

three compounds is a Mc®lafferty rearrangement of the molecular ions 

(Scheme 25). 

oa HN. 
R Me op au i 

R" + c 
oo HN OEt NH z 

=ot 
D m m 7e 232188) V 14388) Ze 89 

279(90a) OQ 190(90a) 
339(90b) CL ee 250(90b) 

“4 
‘ « |28°8(90a) 

123+ 9(90b) 

R =C—Me 

“Le 116(88,90a) 
176(90b) 

Scheme 25. 

In all cases this produced the ion Bye 89. In the 4-aninonitrile 

(88) a neutral fragment “/e 143 was produced which could then lose 

a molecule of hydrogen cyanide to produce the neutral fragment 

m oe ; , z 
“/e 116. This same neutral fragment could be produced 

aminoesters (SQa and b) by te from ¢     fragment resulting from the original Mc@Lafferty rear.



= 98 - 

Another possible loss of ethyl formate could be from the 

molecular ion to yield peaks at ™/e 158 (a), Bye 205 (>) and 2/e 

265 (c), although no indication could be, given as to which carb- 

ethoxyl group would be lost. 

(5) Indanones. 

The indanones can be subdivided into those which are 2- 

substituted and those which are 2,2-disubstituted. Both types of 

compound show a small peak corresponding to the molecular ion but 

subsequent fragmentation varies according to the substitution in 

the 2 position. In the 2,2-disubstituted compounds (105b) it would 

appear that the first fragmentation is a simple O&-fission (Scheme 

26) to yield the fragment ion (c) and a radical Ble 145 which can 

then abstract a proton from the neutral molecule to yield the 

neutral fragment Ble 146. 

(105a) R =H, R° = R° = various 
og 

CHyN 
Np? 1 

5 (i056) hic Mey tae= 8 = ‘various 

es 
ae Me UR Me 

c poe et, * H H3N 
SS SR fs 

O 0 
(c) m 

“Te 146



* down by two routes (Scheme 27). 

  

This fragment could further bre 

  The first route involves loss of a methyl radical to yield the 

fragment Ble 131, The second involves formation of the acylium ion 

by loss of prop-l-ene and H*transfer. The acylium ion can then form 

  

the Cok. (Fle 77) fragment by loss of carbon monoxide. 

] 

a Me 

a H 

oO 

i” Ge . 
z . : + Me 

Cc Me 

I m 2 
9 Te 42 By 

m, © 131 

e105 
Scheme 27. 

In all the spectra of the 2,2-disubstituted indanones the base 

peak corresponcés to the fragment ion (c) produced by the initial 

&-fission. In addition, all the spectra show a fairly large peak 

  at ™/e 116. The source of this peak has not been determined but it 

has been shown, by metastable determination, to lose H’to yield a 

peak at Se 11S. 

    anones a difference in 

  

In the spectra of the 2-substituted i 

ation appears to be caused by the lack of a 

  

the initial fragner
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methyl substituent in the 2 position. The initial loss appears to 

be an awine radical (a) to yield an ion Be 145 followed by loss of 

a proton to yield the neutral fragment Bye 14h (Scheme 28). 

‘ 

    2 fe 16 is also present 
Bia ee, ue r ey 

tra of 2-substituted indanones, but in this case it can 

be shown, by metastable determination, to arise from a neutral 

fragment Me 144 by loss of carbon monoxide. Again, as in the case 

of 2,2-disubstituted indanones, metastable determinations show that 

this Cols fragment loses H’to yield the SoHo fragment @/e 115,
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(6) Isoguinolones. 

  

R (108) R R® = various 

aa CHN 
NH we (109) R various 

  

" = Ee}
 I 

In the 3,%3-disubstituted isoaguinolones (109), the initial 

fragmentation appears to be a simple M-fission in a manner 

analogous to that in the 2,2-disubstituted indanones (Scheme 29). 

Me Me 
1 al of 

er ee CH—N =“ CHo==N A 
NH Np? =< ~~ NH 

0 Cic:) fo} 

Scheme 29. 

This gives rise to the common radical Bye 160 together with the 

appropriate cation (c). The radical "ye 160 can then further 

fragment by several routes (Scheme 30). Loss of a hydrogen radical 

could give rise to the neutral fragment Bye 159. Loss of a methyl 

radical accompanied by hydrogen ion transfer could give rise to the 

neutral frazment Eye 145. The fragmentation of this latter tyre of 

% 
structure h been previously rerorted”°? ang the two main routes 

  

are loss of hydrogen cyanide to yield (a) followed by loss of 

m 

carbon monoxide to yield the fragment ~/e 99, and a route that
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involves initial loss of carbon monoxide to yield (e) followed by 

loss of hydrogen cyanide to yield the fragment Bye 90. It was 

reportea!°4 that the major route was loss of hydrogen cyanide 

followed by loss of carbon monoxide, with the two losses in reverse 

order being only a minor route. This does not, however, appear to 

be the case in the spectra of the isoquinolones examined so far, 

the two routes being of approximately equal significance. 

If the fragment ™e 160 is drawn in its tautomeric form (f), 

it becomes more apparent that loss of water can take place to yield 

Bye 142 and this has been shown to occur by metastable determination. 

The radical Be 142 thus formed has also been shown, by metastable 

determination, to lose hydrogen cyanide to yield (Cgliny Bye 115: 

aie 

In the 3-substituted isoquinolones (108) examined, as in the 

which subsequently loses C,H, to yield (CaHey Bye 89. 

2-substituted indanones, the initial fragmentation can take place 

by two possible routes (Schemes 31 and 32). As in the 3,3-di- 

substituted isoquinolones (109), &-fission can take place to 

yield the common radical Bye 146 and the arpropriate cation (g). 

Loss of H’ from the radical Ble 146 gives rise to the neutral 

fragment Ble 145 which can then fragment as previously shown in 

Scheme 30. By means of metastable determination, loss of water from 

the radical Bye 146 has been shown to occur (Scheme 31). 

The second type of fragmentation of the molecular ion (Scheme 

32) is loss of the appropriate amine radical (h) followed by loss 

of a proton to yield the fragment Bye 159. It is then possible for 

the fragment Be 160 to lose hydrogen to yield the ion Bye 158; 

from which hydrogen cyanide loss (to Bye 131) followed by carbon 

monoxide loss (to Bye 103) is possible.
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Scheme 30.
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Scheme 31.
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SECTION ITT 

MXPERT. 

  

AL 
  

Determination of Equivalent Weights 

The equivalent weights of bases were determined by titration 

with 0.1N perchloric acid in acetic acid using Oracet Blue B 

indicator, Titration of the hydrohalide and quaternary salts was 

carried out in the same solvent in the presence of 3% mercuric 

acetate. ~ 

Preparation of Hydrochloride salts 

The base was dissolved in a 10% 7s solution of hydrochloric 

acid in ethanol, the ethanol evaporated and the residue crystallised 

from ethanol/ether unless otherwise indicated. 

Infrared absorption spectra 

Infrared spectra were recorded using a Unicam S.P. 200 

spectrophotometer. The samples were run as liquid films, mulls 

in liquid paraffin or as solutions in chloroform. Some unassigned 

peaks are also recorded. 

Nuclear Magnetic Resonance Spectra 

Nuclear magnetic Pesonance spectra were determined in 

deutero-chloroform, carbon tetrachloride, trifluoroacetic acid 

and D230 on a Varian A60 spectrometer using tetramethyl silane as 

an internal standard. All the peaks were assigned in T values. 

Mass spectra 

Mass spectra were measured with an A.™%.I. MS9 spectrometer 

(ionising voltage 70 eV, trap current Loca, accelerating voltage 

8kV). Samples were introduced through the heated inlet system at 

150? 

Mel ti. points 

  

Blectrothermal Melting points were determined using an 

melting point apparatus. “elting points are uncorrected.
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Microanalyses were carried out by Strauss Laboratories, Oxford. 

 



A: DERIVATIVES OF CYCLO    

i-Cyanocyclohexyldimethylamine (47) 

  

A solution of dimethylamine hydrochloride (40.75¢) in water (75em>) 

was added to cyclohexanone (49.0¢), quickly followed by a solution 

of potassium cyanide (34.0g) in water (75cm), added over 5min. 

The mixture was stirred for 24hr at room temperature during which 

time a crystalline solid was formed. The solid was filtered, washed 

with ice-cold water (loom), dissolved in benzene (95cm?) and 

rewashed with water (500m). The aqueous layer was extracted with 

benzene (1o0em*), the benzene solutions combined, dried (Mgso,,) 

and evaporated under reduced pressure to yield a colourless oil 

which, on standing, yielded colourless prisms of 1-cyanocyclo- 

hexyldimethylamine (60.8g, 80.0%; lit. 51.4e, 62.4%), mp. 32° 

(1it. dep. 88°/3.5 mm), Vay. 

1080, 1040, 1000, 985, 885, 815em +. 

(nujol), 2250 (CEN), 1245, 1160, 

il-Aminomethylcyclohexyldimethylamine (48) 

1-Cyanocyclohexyldimethylamine (15.2g) was dissolved in dry ether 

(500m?) and added dropwise to a stirred suspension of lithium 

aluminium hydride (7.6¢) in dry ether (150cm7). The suspension was 

stirred overnight and excess lithium aluminium hydrige decomposed 

by dropwise addition of water (126m?) The ether layer was separated, 

dried (reso, ) and evaporated to yield a yellow, mobile oil (11.6g, 

7h. 3%; lit. 14.3g, 92.5% ). Addition of 10% ethanolic hydrochloric 

acid to an ethereal solution of the oil gave a solid which was 

recrystallised from ethanol/ether as colourless needles of l-amino- 

methylcyclohexyldimethylaminedihydrochloride, M.D. 251-3° City 

251-3°), » 

1160, 1050, 

(nujol), 3350 (M1), 2600-2100 (NE*), 1270, 1200, 
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1-(2-Chlorobenzamidomethy1)-cyclohexyldimethylamine (56) 

A mixture of l-aminomethylcyclohexyldimethylamine (1.5¢), 2-chloro- 

benzoyl chloride (3em?) and pyridine (Fem?) was allowed to stand 

at room temperature for lhr. The white solid (2.1g, 63.8%) produced 

was filtered and recrystallised from ethanol to yield colourless 

prisms of 1-(2-chlorobenzamidomethyl)-cyclohexyldimethylamine- 
  

hyé@rochloride, m.p. 228-9° (Found: C,58.01; H,6.95; N,8.46; eguiv., 

336.0. Cy 6a, 1 5) N 20 requires C,57.89; H,7.13; N,8.40%; equiv., 

331.0), Max. 

1590, 1555, 1440, 1310, 1140, 750 (Ph)cm™2. 

(nujol), 3160 (NH); 2670-2500 (NE*), 1655 (amide co), 

T (D0) 8.20 (10H, m, cyclohexyl-CH's), 7.10 (6H, s, (CH) 2"), 

6.19 (en. 5, NE-CE,), 2.50 (4H, m, aromatic H's). 

i-Cinnamamidomethylcyclohexyldimethylamine (57) 

A mixture of l-aminomethylcyclohexyldimethylamine (1.0g), cinnamoyl 

chloride (26m?) and pyridine (70m?) was allowed to stand at room 

temperature for lhr. The white solid (2.2, 70.9%) produced was 

filtered and recrystallised from ethanol to yield eolouriese prisms 

of 1-cinnamami domethylcyclohexyldimethylaminehydrochloride, MePe 

214-5° (Found: €,66.99; H,8.51; N,8.59; C1,10.74; equiv., 326.6. 

Cy Hoy CIN O requires C,66.98; H,8.37; N,8.68; C1,11.01%; equiv., 

522.5) \) max, (n¥sol) , 3180 (NH), 2600-2500 qi* ), 1665 (amide CO), 

1630 (C=C), 1560, 1340, 1220, 1135, 970, 770, 750 (Ph)em™-. 

T (D30) 8.40 (10H, m, cyclohexyl-CH,'s) , Ve20 (6H Ss, (CH) oN"), 

6-40 (2H, 8, NH-CH,), 3.55 (1H, d, CH-CO), 3.25 (1H, a, Fh-CH), 

2.50 (5H, m, aromatic H's). 

1-(4-Nitrobenzamidomethyl)-cyclohexyldimethylamine (58) 

A mixture of l-aninomethylcyclohexyldimethylamine (1.0g), 4-nitro- 

% % 
benzoyl chloride (2cm?) and pyridine (7em7?) was allowed to stand 

at room temperature for lhr. The white solid (2.08¢, 63.3%) produced
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was filtered and recrystallised from ethanol to yield colourless 

prisms of 1-(4-nitrobenzamidomethyl)-cyclohexyldimethylaminehydro- 

chloride, m.p. ets" (Found: C,56.22; H,7.03; N,12.29; equiv., a3 

Slows Cy Hp, C1205 requires C,56.35; H,7.07; N,12.16%; equiv., 

305.0), V nay (nujol), 3250 (NH), 2700-2600 (NH), 1655 (amide CO), 
  

1600, 1550, 1520, 1355, 1140, 880, 720 (Ph)cm ~. 

T (TFA) 8.50 (10H, m, cyclohexyl-CH,'s), 7.40 (6H, m, (cH) oN”), 

6.40 (2H, m, NH-CH.), 2.30 (4H, m, aromatic H's). 
rn 

1-(2-Methoxybenzamidomethyl)-cyclohexyldimethylamine (59) 

A mixture of l-aminomethylcyclohexyldimethylamine (1.5g), 2-methoxy- 

benzoyl chloride (Sem?) and pyridine (7em”) was allowed to stand at 

room temperature for lhr. The white solid (1.56g, 49.7%) produced 

was filtered and recrystallised from ethanol to yield colourless 

prisms of 1-(2-methoxybenzamidomethyl)-cyclohexyldimethylaminehydro- 

chloride, m.p. 199-200° (Found: €,62.47; H,8.27; N,8.58; equiv., 

330.1. Cy Hap 61N 205 requires C,62.71; 1,8.35; N,8.46%; equiv., 

291.0), Y mare 

1600, 1550, 1315, 1150, 1020, 770 (Ph)em™?. 

(nujol), 3300 (NE), 2650-2550 (m*), 1660 (amide co), 

T (Dj0) 8.30 (10H, m, cyelohexyl-CH,'s), 7.15 (6H, 8, (cH) oN), 

6.25 (2H, 8, NH-CH,), 6.15 (3H, 8, 0-CH,), 2.60 (4H, m, aromatic 

H's). 

1-(4-Chlorobenzamidomethyl)-cyclohexyldimethylamine (60) 

A mixture of l-aminomethylcyclohexyldimethylamine (1.58), 4-chloro- 

benzoyl chloride (3em?) and pyridine (Pom) was allowed to stand at 

room temperature for lhr. When no crystallisation occurred the 

mixture was heated on a water-bath for Shr. The mixture was cocled 

and the solid (1.8, 56.6%) was filtered and recrystallised from 

   
ethanol to yield colourless prisms of 1-(4-ch] thyl)- 
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cyclohexyldimethylaminehydrochloride, m.p. 197~8° (Found: €,57.79; 

    H,7.14; N,8.32; C1,20.89; equiv., 327.5. C,H C1IN.O requires 
ah 22 

C,58.01; H,7.25; N,8.46; Cl,21.45%; equiv., 295.5), Y max, (nusol), 

  

  

    

3280 (NH), 2650-2500 (NE 

  

), 1640 (amide CO), 1600, 1560, 1320, 

1090, 1020, 980, 930, 840, 740 (Ph)cm-*. 

2 

6015 C2us ss NE-CH,), 2.45 (4H, 4, aromatic H's). 

T (0,0) 8.30 (10H, m, cyclohexyl-CH,'s), 7.10 (6H, s, (CH) N”), 

1-(4-Methoxybenzami domethyl)-cyclohexyldimethylamine (61) 

A mixture of 1-aminomethylcyclohexyldimethylamine (1.5¢), 4-methoxy- 

benzoyl chloride (Sem?) and pyridine (7em?) was allowed to stand at 

room temperature for lhr. The white solid (2.06¢, 65.6%) produced 

was filtered and recrystallised from ethanol to yield colourless 

prisms of 1-(4-methoxybenzamnidomethyl)-cyclohexyldimethylaminehydro- 

chloride, m.p. 215° (Found: C,62.42; H,8.50; N,8.58; equiv., 312.7. 

Cy gH 7C1N 50, requires C,62.47; H,8.27; N,8.58%; equiv., 291.0), 

D max, (nso) , 3310, 3260 (NH), 2700-2500 (MH), 1660 (amide CO), 

1610, 1545, 1515, 1320, 1255, 1190, 1020, 870, 855, 780 (ph)en™?, 

T (D0) 8.40 (10H, , cyclohexyl-CH,'s), 7.20 (6H, s, (cH) N"), 

6.25 (2H, s, NH-CH,), 6.20 (3H, s, O-CH,), 3.00 (2H, 4, aromatic H's), 

2.30 (2H, d, aromatic H's). 

1-(2-Naphthamidomethyl)-cyclohexyldimethylamine (62) 
  

A mixture of l-aminomethylcyclohexyldimethylamine (1.52), 2-naphthoyl 

chloride (2em) and pyridine (em?) was allowed to stand at room 

  

temperature for lhr. The yellow solid (2.84g, 85.2%) produced was 

filtered and recrystallised from ethanol to yield colourless prisms 

of 1-(2-naphthamidomethyl)-cyclohexyldimethy] aminehydrochloride, 

   m.p. 200° (Found: C,68.98; H 

  

C. Hag 130 requires 

  

157-79; N,8.08%), V 

  

(nujol), 
max.



(NH), 1660 (amide CO), 1600, 1540, 1300, 1280, 1235, 1140, 830, 

780, 760, 720 (Fh)em-, 

T (0,0) 8.40 (10H, m, cyclohexyl-Ci's), 7.25 (6H, 5, (cH,)N'), 

   6.55 (2H, s, NH- ), 2.10 (7H, m, aromatic H's). 
  2 

1-(4-Promobenzamidomethyl)-cyclohexyldimethylamine (6%) 

A mixture of l-aminomethylcyclohexyldimethylamine (1.5¢), 4-bromo- 

benzoyl chloride (2m?) and pyridine (7em?) was allowed to stand 

at room temperature for lhr. When no crystallisation occurred the 

mixture was heated on a water-bath for lhr. The mixture was cooled 

and ieee solid (2.5%, 88.0%) produced was filtered and 

recrystallised from ethanol to yield colourless prisms of 

1-(4-bromobenzamidomethy1)-cyclohexyldimethylaminehydrochloride, 

MePe 217° (Found: CO, Slscese Hh, 6e90s Naifeo7 Cy cH, Brel 0 requires 

C,51.13; H,6.59; N, 7.47%) 5 V max, (mudol), 3250 (NH), 2600-2500 

(na*), 1660 (amide CO), 1595, 1550, 1295, 1140, 1015, 850, 760 

(Fh), 670 (C-Br)en+, 

T(D,0) 8.35 (LOH, m, cyclohexyl-CH,'s), 7.15 (6H, s, (CH,)QN"), 

6.20 (2H, s, WN -CH,'s), 2.40 (4H, Ss, aromatic E's). 

1-(3-Bromobenzamidomethyl)-cyclohexyldimethylamine (64) 

A mixture of l-aminomethylcyclohexyldimethylamine (1.5¢), 3-bromo- 

benzoyl chloride (2cem?) and pyridine (7em>) was allowed to stand at 

room temperature for lhr. The white solid (1.5¢, 41.5%) produced 

was filtered and recrystallised from ethanol to yield colourless 

prisms of 1-(3-bromobenzamidomethyl)-cyclohexyldimethylaninehydro- 
  

chloride, m.p. 252° (Found? €, 51.53; 26.37) N, Poa. 1 Hp, Brel 0 

requires ©,51.13; H,6.29; N,7-46%), VY 14, (nujol), 3250 (NH), 

2600-2500 (HT), 1650 (amide CO), 1550, 1320, 1150, 1025, 760, 

720, 690 (Ph)cm-1.



eT Sm 

T (FA) 8.60 (10H, m, cyclohexyl-CH, oS)» 7.50 (6H, 8, (cH, ) oN oe 

6.35 (2H, 8, NH-CH.), 2.60 (4H, m, aromatic H's). 

1-(y-Hydroxybenzamidomethyl)-cyclohexyldimethylamine ethoxyformate 

(65) 

A mixture of l-aminomethylcyclohexyldimethylamine (1.5), 4-hydroxy- 

2 

  

benzoyl chloride, ethoxyformic ester (2em?) and pyridine (10cm 

was allowed to stand at room temperature for lhr. The white solid 

(2.08, 55.1%) produced was filtered and recrystallised from ethanol 

to yield colourless prisms of 1-(4-hydroxybenzamidomethy1)-cyclo- 

hexyldimethylamineethoxyformicesterhydrochloride, mp. 197° 

(Poutds 1C),593.983, #7. 495 N, 7207. Grotag Noo, reguires C,59. 30; 

H,7-543 N,7-28%), V pay, (nusol), 3250 (NH), 2700-2500 (NH*), 

1750 (ester CO), 1660 (amide CO), 1600, 1540, 1500, 1450, 1375, 

1315, 1285, 1250, 1210, 1170, 1140, 1100, 1060, 1005, 980, 910, 

700 (Pa)em™+, 

T (D0) 6.80 (3H, ¢t, CHACH,) , 8.30 (10H, om; cyclohexyl-CH,'s) , 

7.10 (8H, m, (cH) 5” and CHACH,), 6.10 (2H, 5, NH-CH,), 2.70 

(2H, d, aromatic H's), 2.20 (28, d, aromatic H's). 

1-(3,4-Dichlorocinnamanidomethyl)-cyclohexyldimethylamine (66) 

A mixture of l-aminomethylcyclohexyldimethylamine (1.5g), 

3,4-dichlorocinnamoyl chloride (2em?) and pyridine (100m?) was 

allowed to stand at room temperature for lhr. The white solid 

(1.692, 34.9%) produced was filtered and recrystallised from ethanol 

  

cyclohexyldimethy lami y ¥ de, m.p. © (round: C3o5-c8; 

H,6.57; N,7.16. 

a) Pal (nujol), 

2640 (C=C), 1565, 1220, 1150, 990, 

61,N.0 requires C,55.17; H,6.39; N,7.15%), 

  

(NH), 2650-2500 (NH*), 1675 (am 

  

de C0), 
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7 (D0) 8.50 (10H, m, cyclohexyl-CH,'s), 7.50) (6H, (CH) N'), 

6.50 (2H) es 

  

2.10 (3H, m, aromatic H's). 

Lo{ hoEReEN and geben sans ioneth yl ceyeichexsiwathylanive (120) 

A mixture of l-aminomethylcyclohexyldimethylamine (1.5), 

4-dimethylaminobenzoyl chloride (2em) and pyridine (locm?) was 

allowed to stand at room temperature for lhr. Addition of ether 

produced a fawn solid (2.0g, 55.3%) which was filtered and 

recrystallised from ethanol to yield colourless prisms of 

1-(4~dimethylaminobenzamidomethyl)-cyclohexyldimethylaminedihydro- 

chiowines Msp. 226° (Found: C,47.89; H,8.52. C1 #5761 2N 20 requires 

C,48. 21; H,8.71%), V4, (nujol), 3280 (NH), 2700-2500 (NH"), 
1660 (amide CO), 1600, 1520, 1310, 1290, 1215, 850, 780 (Pa)en™?, 

T(D,0) 8.60 (10H, m, cyclohexyl~CH's), 7.60 (12H, 8, (CH3)5N"), 
6.40 (2H, 5s, NH-CH,) 5 2.65 (4H, 8, aromatic H's), 

1-(4-Ethoxybenzami domethyl)-cyclohexyldimethylamine (121) 

A mixture of l-aminomethylcyclohexyldimethylamine (1.5g), 4-ethoxy- 

benzoyl chloride (2em?) and pyridine (7m?) was allowed to stand at 

room temperature for lhr. The white solid (2.4¢, 73.3%) produced 

was filtered and recrystallised from ethanol to yield colourless 

prisms of 1-(4-ethoxybenzamidomethy1)-cyclohexyldimethylaminehydro- 

chloride, m.p. 206° (Found: €,62.30; H,8.45; N,8.18. Cy gl oq FlN 205 

requires €,63.4h; H,8.52; N,8.22%), V ., (nujol), 3220 (NE), 

2700-2500 (uu), 1650 (amide CO), 1600, 1540, 1315, 1250, 1175, 

1045, 780, 730 (Ph)en™+. 

   CH,'s), 2 

and NH-CH.), 
Se 

T(D,0) 8.45 (3H, t, CHRCH,), 8.25 (10%, m, cyclohexy1~ 

cw = * £ =) 1 7.10 (6H, s, (cH) oN ), 6.20 (4B, broad m, O-cH, 

2.50 (4H, m, aromatic H's).



  

1-(4-Toluamidomethyl)-cyclohexyl thylamine (122) 

A mixture of l-aminomethylcyclohexyldimethylamine (laseye 4-toluoyl 

chloride (2cm”) and pyridine (10cm) was, allowed to stand at room 

temperature for lhr. Addition of ether yielded a yellow solid (2.7¢, 

87.1%) which was filtered and recrystallised from ethanol to yield 

colourless prisms of 1-(4-toluamidomethyl)-cyclohexyldimethylamine-   

hydrochloride, m.p. 197° (Found: C,65.473' HL8.555 N, 8.823) Cl, 11.20. 

Cy oH agGlN 0 requires C,65.70; H,8.69; N,9.01; C1,11.43%), Y 

(nujol), 3250 (NH), 2600-2500 (NH*), 1650 (amide CO), 1545, 1300, 
max. 

1140, 845, 760: (Fh)on™+. 

T (230) 6.350 (10H, m, cyclohexy1-CH's) , (eo (3H, 8, aromatic-CH,) , 

7.15 (6H (25 (cH) BN), 6.20 (2H, s, NH-CH,), 2.75 (2H, d, aromatic 

H's), 2.30 (28, d, aromatic H's). 

1-(4,4-Dimethoxybenzamidomethyl)-cyclohexyldimethylamine (123) 

A mixture of l-aminomethylcyclonexyldimethylamine (1.528), 3,4- 

dimethoxybenzoyl chloride (2cm?) and pyridine (10cm?) was allowed 

to stand at room temperature for lhr. The white solid (l.4g, 40.8%) 

produced was filtered and recrystallised from ethanol to yield 

colourless prisms of 1-(3,4-dimethoxybenzamidomethyl)-cyclohexyl-   

Gimethylaminehydrochlorice, m.p. 212° (Found: 560.58; H,8.26; 

N,7.85. C4 gH ag C10 5 requires C,60.60; H,6.13; N,7.66%), VD 

(nujol), 3240 (NH), 2650-2500 (aH), 1660 (amide CO), 1600, 1500, 

max. 

1260, 1215, 1120, 750 (Fh)em™*. 

  

T (D,0) 8.25 (1OH, mm, cyclohexy1-CH,'s) , 7-15 (68; 8, CCH 

6.20 (2H, s, NH-CH,), 6.15 (6H, 8, (0-CH 
3a 

3a)> 2.85 (1H, s, aromatic 

H), 2.65 (2H, s, aromatic H's).
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B: CC -AMINONITRILES, CC-AMINORSTERS AND THEIR URETHANS 
  

2-Ethylamino-2-methyl-%-phenylpropanonitrile (84a) 

A solution of potassium cyanide (6.8g) and ethylamine hydrochloride 

(8.158) in water (Sem?) and a solution of benzylmethylketone (13.42) 

in methanol (2em>) were mixed and stirred at room temperature for 

7enr. The mixture was extracted with ether and the ethereal extract 

dried (fgso, ) and evaporated under reduced pressure to yield a 

colourless, mobile oil (17.7g, 94.0%), DV max, (Liquid film), 3330 

1. 
(NH), 2240 (C=N), 1460, 760, 700 (Fh)em. T (cnc1,), 8.90 (3H, 

ey CHCH,) , 8.60 (3H, s, CH), 2.90) (CABy) ay) NH) 57220 CAH ya, CHACH,), 

FelOM Cel. 16% benzy1-Ck) , 2.70 (5H, 8, aromatic H's). Treatment of 

an aliquot with 10% ethanolic hydrochloric acid yielded a solid 

which recrystallised from ethanol as colourless prisms of 

2-ethylamino-2-methyl-3-phenylpropanonitrilehydrochloride, m.p. 135° 

(Found: €,63.91; H,7.65; N,12.23. ¢ 

H,7.57; Nyt2-h7m)s, 

200 (Ph)cm™*. 

poly pols requires C,64.15; 

max, (DUJOL), 3350 (NH), 2750-2400 (NH), 760, 

Attempted preparation of N-carboethoxy-l-cyano-N~ethyl-1l-methyl-2- 

phenylethylamine 

Ethyl chloroformate (1.52g) was added dropwise to a stirred, cooled 

solution of 2-ethylamino-2-methyl-%-phenylpropanonitrile (5.178), 

ether (25m?) and water (12. 5en”). A further portion of ethyl 

chloroformate (1.52¢) and sodium hydroxide (2.84¢) in water (10¢m?) 

were added dropwise simultaneously at the same rate to the mixture 

The mixture was stirred at 0° for Q.5hr, the ether layer separated, 

the aqueous layer extracted with ether and the ethereal solutions 

bulked, dried (Mgso, ) and evaporated under reduced pressure to yield 

a sticky solid which was triturated with light petroleum (b.p. 60-80°)
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to yield a white solid (2-ethylamino-2-methyl-3-phenylpropano- 

nitrilehydrochloride). The filtrate was evaporated under reduced 

pressure to yield a yellow, mobile oil.which was identical with 

the original material. 

3-(4-Chlorophenyl)-2-ethylamino-2-methylpropanonitrile (84b) 

A solution of potassium cyanide (1.63g) and ethylamine hydrochloride 

(2.04g) in water (Sem?) and a solution of 4-chlorobenzylmethyl- 

ketone (4.2lg) in methanol (2cm?) were mixed and stirred at room 

temperature for 72hr. The mixture was extracted with ether and the 

ethereal extract dried (%gS0,) and evaporated under reduced pressure 

to yield a yellow, mobile oil which solidified on standing. The 

yellow solid (3.838, 68.9%) was recrystallised from light petroleum 

Cb. Pp. 60-80°) to yield colourless needles of 3-(4-chlorovhenyl)-2-- 

ethylamino-2-methylpropanonitrile, m.p. 54° (Found: C,64.58; 

H;6.705 N,12.30. C) oH) ool, requires C,64.72; H,6.74; N,12.58%) , 

V ax, (BUJOL), 3300 (KH), 2200 (C=N), 1500, 1410, 1240, 1210, 

1150, 1120, 1055, 1020, 855, 815, 780, 720 (Ph)cm +. 

T (opel) Ge90' (58,0, CHACH,), &.60 (3H, s, CHS), 8.30 (1H, broad 

6, NH), 7.30 (28, Gg, CHACHS), 7.10 (2H, s, benzyl-CH,), 2.75 (4H, 

8S, aromatic H's). 

Attempted preparation of N-carboethoxy~2-(4-chlorophenyl)-1l-cyano- 

N-ethyl-l-methylethylamine 

  

3-(4-Chlorophenyl)-2-ethylamino-2-methylpropanonitrile (2.252) 

was placed into a stirred, cooled (0°) mixture of water (12. 5em?) 

and ether (25cm). Ethyl chloroformate (0.78) was added dropwise. 

A further portion of ethyl chloroformate (0.7¢) and a solution of 

z 
sodium hydroxide (1.2g) in water (Scm?) were added dropw 

  

simultaneously at the same rate. After the final addition the
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mixture was stirred at 0-5° for a further 1.5hr. The ether layer 

was separated, the aqueous layer extracted with ether, the ether 

fractions combined, dried (MgSO, ) and evaporated under reduced 

pressure to yield a yellow, mobile oil which solidified on standing 

and was identical with the original material. 

2-Amino-2-methyl-3-phenylpronanonitrile (87a) 

Potassium cyanide (6.5) and ammonium chloride (5.35g) were dissolved 

in the least possible amount of water. Benzylmethylketone (13.48) 

was dissolved in the least possible amount of methanol. The two 

solutions were mixed and stirred at room temperature for 72hr, 

extracted with ether, the ethereal extract dried (MgSO, ) and 

evaporated under reduced pressure to yield a pale yellow,mobile 

oil (18.0g, 95.0%) which was shown, by comparison of infrared 

spectrum and NMR spectrum, to be identical with the compound 

prepared by the method of Stein, Bronner and Pprister®+, y haus 

(liquid film), 3370 QU) 2200 (C==N), 1450, 1110, 755, 700 (Ph) 

on™, T (ODCL,) 8-50 (3H, 8, CH), 7.65 (2H, broad s, WHR), 

7.10, 6.60 (2H, d ands, CH.) s 2.70 (5H, s, aromatic H's). 

2-Carboethoxyamino-2-methyl-3-phenylpropanonitrile (88) 

To a stirred, cooled (0°) mixture of ether (250m), water (12. 5em?) 

and 2-amino-2-methyl-3-phenylpropanonitrile (4.4g) was added ethyl 

chloroformate (1.52g). A further portion of ethyl chloroformate 

(1.52g) in ether (10cm?) and sodium hydroxide (2.84¢) in water 

(oem?) were added dropwise simultaneously at the same rate. After 

0.5hr the ethereal layer was separated and the aqueous layer extracted 

with ether. The ethereal extracts were combined, dried (™@80,,) and 

evaporated under reduced pressure to yield a yellow, viscous oil 

  

(2.63¢, 41.2%) which was distilled in vacuo to yield 2



ethoxyamino-2-methyl-3-phenylpropanonitrile, b.p. 188-92° /i..Omm as 
  

r is Ss i F : ut Tey J. ViYP. a colourless, viscous oil] (Found: M ,232.121170. Cy oH 6N 205 requires 

mM’ ,232.121145), Y (liquid film), 3350 (NH), 2230 (C=N), 1705 
max. 

(urethan CO), 1455, 1260, 760, 700 (Ph)cm™+. 

2-Amino-3-(4-chlorophenyl)-2-methylpropanonitrile (876) 

Potassium cyanide (1.63¢) and ammonium chloride (1.34¢) were 

dissolved in the least possible amount of water. 4-Chlorophenyl- 

acetone (4.2lg) was dissolved in the least possible amount of 

methanol. The two solutions were mixed and stirred at room temperature 

for ?2hr, extracted with ether, the ethereal extract dried (gS0,,) 

and evaporated under reduced pressure to yield a dark, red oil 

(4.508, 92.6%), V max, (Hiauid film), 3450 (NH,), 2250 (C==N), 1500, 

1180, 1020, 810 (Ph) cm7?. Although this compound showed the spectral 

characteristics of the desired compound, distillation in vacuo 

yielded a yellow, viscous oil, b.p.216-22°/2.5mm, the infrared 

spectrum of which indicated a loss of hydrogen cyanide by elimination 

(lack of nitrile peak at 2250em™> and appearance of a peak at 1660em~> 

which is in the correct region for an olefinic double bond). 

Attempted preparation of 2-N-carboethoxyamino-3-(4-chlorophenyl)-2- 

methylpropanonitrile 

fo a mixture of 2-amino-3-(4-chlorophenyl)-2-methylpropanonitrile 

(3.9¢), ether (25em?) and water (12.5em) was added with cooling and 

stirring ethyl chloroformate (1.52g). A further portion of ethyl 

chloroformate (1.52g) and a solution of sodium hydroxide (2.8k4¢e) in 

water (oem?) were added dropwise simultaneously at the same rate 

O.5hr after the final addition the mixture was extracted with ether, 

the ethereal extract dried (MgSO, ) evaporated under reduced 
ok 

    

pressure to yield a yellow oil which was shown to be identical with



the original material. 

Attempts to prepare 3-cyano-3-methyl-l1-oxo-1,2,4,4-tetrahydro- 

isoquinoline 

(1). 2-Carboethoxyamino-2-methyl-3-phenylpropanonitrile (1.25¢) was 

dissolved in chloroform (200m) and phosphorus oxychloride (1. 5g) 

added. The mixture was heated on a water-bath for 4hr, poured 

carefully into hot water and allowed to cool. The solution was made 

alkaline using 10% sodium hydroxide solution, extracted with 

chloroform, the chloroform extract dried (g50, ) and evaporated 

under reduced pressure to yield a brown, mobile oil which was 

identical with the original material. 

(2), 2-Carboethoxyamino-2-methyl-3-phenylpropanénitrile (2.0¢) was 

heated at 105° with thosphorus oxychloride (15em?) for khr, poured 

onto ice and extracted with ether. The aqueous portion was made 

alkaline using 10% sodium hydroxide solution, extracted with 

chloroform, the chloroform extract dried (1g80, ) and evaporated 

under reduced pressure to yield a yellow, mobile oil which was 

identical with the original material. 

(3). 2-Carboethoxyanino-2-methyl-3-phenylpropanonitrile (2.0¢) was 

heated at 105° with polyphosphoric ester (15¢em) for 2hr, poured 

onto ice and extracted with ether. The aqueous portion was made 

alkaline using 10% sodium hydroxide solution, extracted with 

chloroform, the chloroform extract dried (MgSO, ) and evaporated 

under reduced pressure to yield a yellow, mobile oil which was 

identical with the original material. 

2-(N-carboethoxyamino)-2-methyl-3-rt yirropanoic acid ethyl ester 

  

(90a) 

To a stirred, cooled mixture of ether (25cm), water (12.5em?) and
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2-amino-2-methyl-3-phenylpropanoic acid ethyl ester (2.07g) was 

added ethyl chloroformate (1.08g). A further portion of ethyl 

chloroformate (1.08) in ether (10cm?) and sodium hydroxide (1.472) 

in water (10cm) were added dropw. 

  

se simultaneously at the same rate. 

After 0.5hr the ethereal layer was separated and the aqueous layer 

extracted with ether. The ethereal extracts were combined, dried 

(tgs0, ) and evaporated under reduced pressure to yield a yellow, 

viscous oil (2.0g, 71.7%) which was distilled in vacuo to yield 

2-(N-carbosthoxyamino)-2-methyl~3-phenylproranoicacidethylester, 

b.p. 150-4°/2.5mm, as a colourless, viscous oil (Found: C,64.46; 

H,7.493 Nj 5.20. Cy cH, NO), requires C,64.52; H,7.53; N,5.02%), 

DY max, (Liquid film), 3400 (NH), 1740 (broad-ester and urethan CO's), 

1500, 1450, 1370, 1260, 1200, 1090, 1050, 1040, 670 (Ph)cm™?. 

Attempts to prepare 3-methyl-l-oxo-1, 2, 4,4-tetrahydroisoquinoline- 

3-carboxylic acid ethyl ester 

(1). 2-Carboethoxyamino-2-methyl-3-phenylpropanoic acid ethyl 

ester (2.0g) was dissolved in chloroform (20cm) and phosphorus 

oxychloride (2.0g) was added. The mixture was heated on a steam~ 

bath for 4hr, poured carefully onto hot water and allowed to cool, 

The solution was made alkaline using 10% sodium hydroxide solution, 

extracted with chloroform, the chloroform extract dried (MgSO, ) 

and evaporated under reduced pressure to yield a yellow, mobile 

oil which was identical with the original material. 

(2). 2-Carboethoxyamino-2-methyl-3-phenylpropanoic acid ethyl 

ester (2.0g) was heated at 105° in phosphorus oxychloride (200m?) 

for 4hr, poured onto ice and extracted with ether. The aqueous 

portion was made alkaline using 10% sodium hydroxide solution and 

worked up as in (1) to yield a yellow, mobile oil which was 

identical with the original material.
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(3). 2-Carboethoxyamino-2-methyl-%-phenylpropanoic acid ethyl 

ester (2.0g) was heated at 105° with polyphosphoric ester (200m?) 

for 4hr, poured carefully onto ice and extracted with ether. The 

aqueous portion was made alkaline using 10% sodium hydroxide 

solution and worked up as in (1) to yield a yellow, mobile oil 

which was identical with the original material. 

  

e-Carboethoxyamino- 3,4-dimethoxyphenyl)-2-methylpropanoic acid 
  

ethyl ester (90b) 

To a stirred, cooled (0°) mixture of ether (25em?), water (12. 5em?) 

and 2-amino-3-(3,4-dimethoxyphenyl)-2-methylpropanoic acid ethyl 

ester (2.676) was added ethyl chloroformate (1.08¢). A further 

portion of ethyl chloroformate (1.08¢) in ether (locm) and 

sodium hydroxide (1.47¢) in water (oem) were added dropwise, 

simultaneously, at the same rate. After O.5hr the ethereal layer 

was separated and the aqueous layer extracted with ether. The 

ethereal extracts were combined, dried (Meso, ) and evaporated 

under reduced pressure to yield white microprisms (1.50¢, 44. 3%) 

of 2-carboethoxyamino-3-(%,4-dimethoxypheny1)-2-methylpropanoic— 

acidethylester, m.p. 188° (Found: M*, 339.168175. Ca oH ag NOg 

requires °, 339.168318), V jay (nujol), 3400 (NH), 1720 (broad- 
contains ester and urethan CO's), 1520, 1330, 1305, 1270, 1240, 

1160, 1245, 1120, 1075, 1035, 690cn™+. 

T(Cpe1,) 8.80 (9H, m, 2 x CH{CH,'s and CH,), 6.40 (2H, s, benzyl- 2°53 

CH5), 6.65 (2H, a, urethan CH,CH,), 5.20 (6H, 8, OCH,'S), 5-85 (2H, 

q, ester CHAE), 4.60 (1H, s, NH), 3.35 (2H, a, 2',3' aromatic 
' 

H's), 2.60 (18, 8, 5 aromatic H).
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6.2-D 

  

thoxy-3-methyl-1l-oxo-1, 2, 3,4-tetrahydroisoguinoline-3- 
  

carboxylic acid ethyl ester (94) 

2-Carboethoxyamino-3-(3,4-dimethoxypheny])-2-methylpropanoic acid 

ethyl ester (1.5) was heated at 105° with phosphorus oxychloride 

(20cm?) for 2hr, poured onto ice and extracted with ether. The 

aqueous portion was made alkaline using 10% sodium hydroxide 

solution, extracted with chloroform, the chloroform extract dried 

(E50, ) and evaporated under reduced pressure to yield a yellow, 

mobile oil which, on trituration with ether, yielded a white 

solid (0.15¢, 11.7%) which was recrystallised from acetone/light 

petroleum (b.p.60-80°) to yield colourless prisms of 6,7-dimethoxy- 

3-methyl-1-0x0-1, 2, 3,4-tetrahydroisoquinol ine~3-carboxylicacidethyl- 

ester, mop. 161° (Found: C,61.20; H,6.80; N,4.54. Ci et igNs requires 

C,61.43; H,6.48; Nh. 78%), V na, (nugol), 3250 (NH), 3120 (1H), 

1725 (ester CO), 1670 (amide CO), 1600, 1530, 1440, 1390, 1280, 

1225, 1200, 1115, 1o90en™*. 

T (opel, )-8-80 (3H, t, cH, CH. 3) 8.50 (3H, s, cH 3)> 8.20 (2H, s, 

ring CH), 6.10 (6H, s, OCH,'s), 5.85 (2H, a, CHCH,), 3.30 (1H, 

8, NH), 2.65 (1H, s, €(5)-H), 2.40 (1H, s, C(8)-H). 

Attempted preraration of N-carboethoxy-l-cyano-2-(3,4-dimethoxy- 

phenyl)~l-methylethylamine 

Ethyl chloroformate (1.91g) was added dropwise to a stirred, cooled 

(0°) mixture of 2-amino-3-(3,4-dimethoxyphenyl)-2-methylpropano- 

nitrile (4.0g), ether (25cm?) and water (12.5em 

  

- A further 

portion of ethyl chloroformate (1.9lg) and sodium hydroxide (2.642) 

in water (oem?) were added dropwise, simultaneously, at the same 

rate. The mixture was stirred at 0° for 0. Shr, the ether layer 

Separated, the aqueous layer extracted with ether and the ethereal 

  
solutions bulked, dried (MgSO,) and evaporate h under reduced 
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pressure to yield a red, mobile oil which was identical with the 

original material. 

Attempted preparation of 6,7-dimethoxy-3-(1-hydroxy-l-methylethyl)- 

-methyl-1-oxo0-1,2,3,4-tetrahydroisoguinoline 

Magnesium turnings (0.24g) were added to dry ether (20cm?) , 

containing one crystal of iodine. Approximately one third of a 

solution of methyl iodide (1.41¢) in dry ether (20cm?) was added. 

Once reaction had commenced, the remainder of the methyl iodide 

solution was added dropwise at a rate sufficient to keep the 

mixture refluxing gently. 6,7-Dimethoxy-3-methyl-l-oxo-1, 2, 3,4- 

tetrahydroisoquinoline-3-carboxylic acid ethyl ester -(1.48¢) was 

added in several portions. The reaction mixture was stirred for 

10min after the final addition and heated on a water-bath for 

15min to complete any reaction. Excess Grignard reagent was 

destroyed by the dropwise addition of dilute ammonium chloride 

solution. The ether solution was separated, filtered, dried (¥280,,) 

and @vaporated under reduced pressure to yield 1.4¢ of a white 

solid which was shown by m.p. and infrared spectrum to be identical 

with the starting material.



  

3-Diethylamino-2-methyl-l-indanone (101) 

  

   
none (23.0g) in ethanol (307em?) was treated Bromo-2-methyl-1-i 

  

dropwise with a solution of disthylanine (37.38) in ethanol (15em), 

the mixture refluxed for khr and the ethanol removed under reduced 

pressure. The residue was partitioned between dilute hydrochloric 

acid and ether, the acidic portion made alkaline using 10% sodium 

hydroxide solution, extracted with ether, the ethereal extract 

dried (gS0, ) and evaporated under reduced pressure to yield a dark, 

brown, mobile oil. The oil was neutralised using 10% ethanolic 

hydrochloric acid and the solution was evaporated under reduced 

pressure to yield a dark, brown oil which was dissolved in iso- 

propanol, cecolourised with charcoal and stood at 0° overnight. 

A small amount of ether was added to the solution and, on standing 

overnight at 0° and scratching, a white solid (1.93¢, 7.50%) was 

produced which was recrystallised from ethanol/ether to yield 

colourless prisms of 3-diethylamino-2-methyl-l-indanonenydro- 

chloride, m.p. 142° (Found: C,65.99; H,7.72; N,5.64. ©, Bago l0 

requires C,66.27; H,7.89; ,5.52%), VD max, Udol) 2600-2500 (xn), 

1720 (co), 745em. 

T (020), 8.60 (3H, s, cH), 8.45 (6H, t, ethyl CH,'s), 6.80 (5H, 

m, C-2 H and ethyl CH.'s), 5.05 (1H, s, C-3 H), 2.30 (4H, m, 
oe 

aromatic H's). 

on 

  

thylaminomethyl-2-methyl-l-indanone (107a) 

2-Methyl-l-indanone (2.92), 

  

ylaminehydrochloride (1.8¢) 

and 40% formalin solution (1.5cem?) were refluxed for O.5hr, cooled 

and evaporated to dryness 

    

viscous oil. Trituration of this oil with light petroleum (b.p. 60- 

    ne yielded a yellow solid (4.0g, 83.5%) which was



recrystallised from acetone/methanol to yield colourless prisms of 

2-dimethylaminomethyl-2-methyl-1l-indanonehydrochloride, m.p.115°, 

VY max, (2udol)s 2600-2500 qm*), 1710 (CO), 1610, 1420, 1290, 970, 

2h0, 75cm". 

T (020), 8.74 (38, 8, cH), 2.30 (2H, s, N-CH,), 7.15 (6H, 5, 

N-CH,'s), 6.75 (1H, m, C-3 H), 6.50 (1H, s, C-3 H), 2.35 (4H, a, 

aromatic H's). Several attempts at analysis were unsuccessful due 

to the hygroscopic nature of the compound. 

2-Diethylaminomethyl~2-methyl-l-indanone (107b) 

2-Methyl-l-indanone (2.922), diethylaminehydrochloride (2.42¢) and 

40% formalin solution (1.5em?) were refluxed for 0.5hr, cooled and 

evaporated to dryness under reduced pressure to yield a yellow, 

mobile oil. Trituration of this oil with light petroleum (b.p. 60- 

80°) /acetone yielded a white solid which was filtered off and found 

to be diethylaminehydrochloride. The filtrate was evaporated to 

-@ryness under reduced pressure and the resultant oil triturated with 

ethyl acetate/ether to yield a white solid (1.6g, 18.9%) which was 

recrystallised from acetone/methanol to yield colourless prisms of 

2-diethylaminomethyl-2-methyl-1l-indanonehydrochloride, m.p. 128° 

(partially melts, then resolidifies ana melts at 226°), (Found: 

+ 
MY, 231.162306. ¢ © requires M, 231.162093), Y ig aio max. 
2670-2500 (NH), 1710 (CO), 1610, 1400, 1295, 1230, 1200, 970, 

735m -. 

(nujol), 

7 (D50), 8.77 (3H, s, CHL), 8-70 (6H, t, ethyl CH,'s), 6.85 (6H, 
2 2 2 

m, N-CH, and ethyl CH,'s), 6.55 (2H, d, C-3 Hts), 2.40 (4H, m, 

aromatic H's). 

  

2-Nethyl-2-piperid ethyl-1l-indanone (107c) 

2-Methyl-l-indanone (2.92¢), piperidine (1.88¢), 40% formalin
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solution (1. 5em) and concentrated hydrochloric acid (lem?) were 

refluxed for 0.5hr and evaporated to dryness under reduced pressure. 

The residue was partitioned between water and ether, the aqueous 

portion made alkaline using 10% sodium hydroxide solution and 

extracted with ether, The ethereal extract was dried (MgSO, and 

evaporated under reduced pressure to yield a dark, red, mobile oil. 

This oil was treated with 10% ethanolic hydrochloric acid, evaporated 

to dryness and triturated with ethyl acetate to yield a yellow solid 

(1.1¢, 19.5%) which was recrystallised from acetone/light petroleum 

(dep. 60-80°) to yield colourless prisms of 2-methyl-2-piperidino- 
  

methyl-l-indanonehydrochloride, m.p. 152° (Found: Cy BeOS) Hy 7676s 

N,5.05. C,¢H,,C1NO requires 0768695) 257.875 N, 5.01%), YD ax, (nvsol), 

2650-2500 (NH*), 1700 (CO), 1610, 1420, 1285, 1230, 1205, 1090, 

990, 970, 740em~*, 

2-Methyl-2-morpholinomethyl-~l-indanone (107d) 

2-Methyl-l-indanone (2.92g), morpholine (1.92), 40% formalin 

solution (i. 5cn2) and concentrated hydrochloric acid (len) were 

refluxed for 0.5hr, cooled and evaporated to dryness under reduced 

pressure to yield a dark, brown, mobile oil. The oil was dissolved 

in ethanol and decolourised by refluxing with charcoal for 3hr. 

The ethanol was removed under reduced pressure and the residue 

partitioned between water and ether. The aqueous portion was made 

alkaline using 10% sodium hydroxide solution and extracted with 

ether, The ethereal extract was dried (1g80,,) and evaporated under 

reduced pressure to yield a yellow, mobile oil. The oil was treated 

with 10% ethanolic hydrochloric acid, evaporated to dryness under 

reduced pressure and triturated with ether/ethyl acetate to yield 

a white solid (1.0g, 17.8%) which was recrystalli 

  

from acetone/ 

methanol to yield colourless prisms of 
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l-indanonehydrochloride, m.p. 145° (Founda: C,63.52; H,7.19; N,5.205 

  

ut, 245.141570. Cy gl oNO, requires C,63.94; H,7.10; Wj4.97%, uM’, 

245-141874), V nay (nujol), 2650-2500 (NH”   ), 1700 (CO), 1420, 

1265, 1220, 1115, 1090, 1065, 975, 870, 705em7*, 

   

  

2-Methyl-2- methylninerazinomethyl-l-indanone (107e) 
  

2-Methyl-l-indanone (2.92g), N-methylpiperazine (2.2¢), 40% 

formalin solution (1.5¢m?) and concentrated hydrochloric acid 

(2em?) were refluxed for 0.5hr. The mixture was evaporated to 

dryness under reduced pressure and the residue recrystallised from 

methanol/acetone to yield N-methylpiperazine hydrochloride. The 

filtrate was evaporated to dryness and triturated with ethanol/ 

ethyl acetate to yield an off-white solid (3.7g, 62.8%) which was 

recrystallised from acetone/light petroleum (».p. 60-80°) to yield 

colourless prisms of 2-methy1-2-N*-methyl piperazinomethy1-1- 

indanonedihydrochloride, m.p. 160° (Found: C,57.55; H,7.19; N,8.36. 

©) GHa,C1,NZ0 requires C,58.01; H,7.25; N,8.46%), VY... (aujol), 

2700-2400 cua"), 1700 (CO), 1605, 1320, 1140, 1070, 1020, 970, 

00cm. 

2-N* Methyl piperazinomethyl-1-indanone (106e) 

1-Indanone (3.0g), N-methylpiperazine (2.5%), paraformaldehyde 

(0.7g), ethanol (Sem?) and concentrated hydrochloric acid (2cm>) 

were refluxed for 2hr., The reaction mixture was evarorated to 

dryness under reduced pressure to yield a dark red oil which was 

recrystallised from ethanol/ether to yield a yellowish-white solid 

(3.4hg, 47.8%), mp. 183°C), Y max, (nUJOL), 2700-2450 cma"), 

1700 (CO), 1280, 1180, 980cm-1 From the infrared spectrum it 

would appear that this is the desired compound although attempts 

to obtain correct analysi a figures were unsuccessful.



D: ISOQUINOLO. 

    

3-Methyl-1~oxo-1,2,5,4-tetrahydroisoquinoline-3-c:z ylic acid   

methyl ester (95) 

e-Nethyl-1l-indanone-2-carboxylic acid methyl ester (3.22¢) was 

added in several portions over 2hr to sodium azide (0.8g) in 

concentrated sulphuric acid (16.6cm?). stirred at 0°. The mixture 

was stirred for lhr at room temperature, poured onto ice and 

filtered. The filtrate was made alkaline using 20% sodium carbonate 

solution and the precipitate filtered and recrystallised from 

acetone/light petroleum (b.r. 60-80°) to yield fawn needles (0.04¢, 

1.2%) of 3-methyl-1-ox0-1,2,%,4-tetrahydroisoquinoline-3-carboxylic 

acidmethylester, mp. 152° (Found: C,63.4h; H,5.99; N,6.24; NY, 

219,089537. Cy oH, NO, requires C,63.16; H,6.14; N,6-14%, N, 

219.088324), max, (2Udol), 3200 (NH), 1725 (ester CO), 1660 

(amide CO), 1400, 1230, 1120, 755cm™. 

T(cpe1,) 8.40 (2H, 5, CHS), Ys8 oC SHS. CHa), 6.80 (1H, s, NH), 

6.30 (3H, 8, OCH), 2.60 (4H, m, aromatic H's). 

4-Dimethylamino-3-methyl-l-oxo-1, 2, 3,4-tetrahydroisoquinoline (104b) 

3-Dimethylamino-2-methyl-l-indanone hydrochloride (1.0¢) was 

added over 2.5hr to sodium azide (0.2g) in concentrated sulphuric 

acid (6em7) stirred at 0°, The reaction mixture was stirred at 

room temperature for lhr, poured onto ice, neutralised with 20% 

sodium carbonate solution and extracted with ethyl acetate. The 

ethyl acetate extract was dried (4g0,, ) and evaporated under 

reduced pressure to yield a yellow, viscous oil (0.3g, 33.2%) 

which solidified, on standing at =107 5 to yield yellow prisms of 

  k    

  

hylamino-3-methyl-l-oxo-1,2 droisoquisoline, 
  

mep. 142° (Found: C,70. 36; » 204.126256 

H Q requires C,70.59 204,.125710) , 
“34 16) '2 

 



Suey ce 

  

max, (RUJOL), 3270 1650 (CO), 1600, 1160, 1125, 1025, 780, 

705en"*. 

  

oisoquinoline (104a)   4h-Diethylamino-3-methyl-l-oxo-1,2,4,4-tet 

3-Diethylamino-2-methyl-l-indanone hydrochloride (1.5¢) was added 

  

over 2.5hr to sodium azide (0.3¢) in concentrated sulvhuric acid 

  

(6.5cm>) stirred at 0°. The reaction mixture was stirred at roon 

temperature for lhr, poured onto ice, neutralised using 20% sodium 

carbonate solution and extracted with ethyl acetate. The ethyl 

acetate extract was dried (Meso, ) and evaporated under reduced 

pressure to yield a pale, yellow, mobile oil (1.022, 75.6%). This 

oil was distilled in vacuo (250-5°/7mm) to yield a colourless oil 

which solidified to yield fawn microprisms of 4-diethylamino-3- 

  

methyl-1-oxo-1,2,3,4-tetrahydroisogquinoline, m.p. 234° (Found: v, 

232.157 555. C4 Bag¥ 0 requires ut, 232.158103)-, max, (MUdoL), 

3150 (NE), 1655 (CO), 1570, 1430, 1300, 755em‘. 

2-Oxo-1,2,3,-tetrahyéroquinoline-3-carboxylic acid methyl ester 

(116) 

Sodium azide (0.65¢) was added to concentrated sulphuric acid 

(15em7) cooled at 0°. i-Indanone-2-carboxylic acid methyl ester 

(1.9g) was added, with stirring, over 2hr. The mixture was stirred 

at room temperature overnight, poured onto ice and neutralised 

using 10% sodium carbonate solution. The mixture was extracted 

with ethyl acetate, dried (11g50,,) and evarorated under reduced 

pressure to yield a browm, mobile oil which, on trituration with 

ether, yielded a fawn solid (0.6he, 29.2%), the m.p. and ultraviolet 

spectrum of which were in agreement with those of an authentic 

sample of 2-oxo-1,2,3,4-tetrahydroquinoline-?% 

  

methyl ester.



  

hyl-l~oxo-1,2,3,4-tetrahydroisoquinoline 
  

(1092) 

  

2-Dinethylaminomethyl-2-methyl-l-inds ochloride (2.0g) was 

added over 2.5hr to sodium azide (0.42) on concentrated sulphuric 

acid (12¢m?) stirred at 0°, The reaction mixture was stirred at 

room temperature overnight; poured onto ice, neutralised with 20% 

sodium carbonate solution and extracted with ethyl acetate. The 

ethyl acetate extract was dried (%gS0, ) and evaporated under reduced 

pressure to yield a yellow, mobile oil (1.6g, 87.9%) which was 

distilled in vacuo to yield a colourless, viscous oil which 

solidified to yield white prisms of 3-dimethylaminomethyl-3-methyl- 

1-o9x0-1,2,3,4-tetrahydroisoguinoline, m.p. 128° (Found: ©,71.20; 

H,6.02; Nyl2.595 w 218.141905. ©, 3Hy gN,0 requires C,71.56; H,8.26; 

N, 12.84%, ut, 218.142281), Y max, (Jel), 3200 (NH), 1655 (CO), 

1600, 1150, 1125, 1100, 1040, godem™+, 

J-Diethylaminomethyl-3-methyl-1-oxo-1, 2, 3,4-tetrahydroisoquinoline 

(109) 
Po Digity 1 emi uoapthy eo metnyi=i-tHaancns hydrochloride (1.53) was 

added over 2hr to sodium azide (0.4g) in concentrated sulphuric 

acid (i2em) stirred at 0°. The reaction mixture was stirred at 

room temperature for 72hr, poured onto ice, neutralised with 20% 

Sodium carbonate solution and extracted with ethyl acetate. The 

ethyl acetate extract was dried (%¢S0,,) and evaporated under 

reduced pressure to yield a yellow, viscous oil which, on standing 

at ~162, solidified to yield colourless prisms (0.03¢, 2.2%) of 

     
  

3-Giethylaminometh 

50 ae % mp. 82 (Found: Gy HoaN20 requires C, 

75-17; H,8.9k: N,11..384),, f nujol 3200 (NH), 1655   



3-Methyl-1-oxo-3-piperidinomethyl-1,2,3,4-tetrahydroisoauinoline 

(109c) 

2-Methyl~2-riperidinomethyl-l-indanone hydrochloride (2.0) was 

added to concentrated sulphuric acid (Sen?) stirred at 0°. Sodium 

azide (0.63g) was added portionwise over 2hr, the mixture stirred 

a further 0.5hr at 0° then overnight at room temperature. The mixture 

was poured onto ice, made alkaline using 20% sodium carbonate 

solution, extracted with ethyl acetate, the ethyl acetate extract 

dried (MgSO, ) and evaporated under reduced pressure to yield a 

yellow, viscous oil which, on trituration, yielded a fawn solid 

(0.338, 18.1%) antch was recrystallised from peetcne /itent petroleum 

(d.p. 60-80°) to yield colourless prisms of Senethyl-1-oxo-3- 

piperidinomethyl-1,2,3,4-tetrahydroisoquinoline, mp. 120° (Found: 

Cy Piet Oss HeOs7 th Ne lO. Oy. Cy gap 40 requires C,74.42; H,8.53; N, 

10.85%), Y max, (Bvdol) , 3200 (NH), 1650 (CO), 1600, 1160, 1105, 

795, 750, 735em >. 

3-Methyl~3-morpholinomethyl-1l-oxo-1,2,3,4-tetrahydroisoquinoline 

(1094) 
2-Methyl-2-morpholinomethyl-l-indanone hydrochloride (1.0¢) was 

added over 2hr to sodium azide (0.3¢) in concentrated sulphuric 

acid (9em”) stirred at 0°. The reaction mixture was stirred over- 

night at room temperature, poured onto ice, neutralised with 20% 

sodium carbonate solution and extracted with ethyl acetate. The 

ethyl acetate solution was dried (MgSO, ) and evaporated under 

reduced pressure to yield a yellow, viscous oil (0.55¢, 59.6%). 

The oil, on standing at BiOe, solidified to yield a white solid 

which was recrystallised from acetone/light petroleum (d.p. 60-80°) 

to yield colourless prisms of 3-methyl-3-morpiolinomethyl-1-oxo-1, 

2,3,4-tetrahydroisoquinoline, m.p. 136° (Pound: ©,67. 273 H,7.153



: i Z 6 7 7 s K, 10,22; M’, 260.152469. C) HooN30>. 41,0 requires C,66.91; H, 

7.18; N,1O.41%, wy 260.153221), Y wae (nujel), 3350, 3200 (NH), 

1650 (CO), 1600, 1400, 1110, Rescue 

SoNethyloseN ee vhyipi pera nomethylcloxosl) 2, 414-bereenyaroiso= 

quinoline (109e) 

2-Methyl-2-N"-methylpiperazinomethyl-1-indanone hydrochloride (2.02) 

was added to concentrated sulphuric acid (Bom?) cooled at 0°. 

Sodium azide (0.63¢) was added to the stirred, cooled mixture 

during 2hr. The nee ayes stirred overnight at room temperature, 

poured onto ice and neutralised using solid sodium carbonate. The 

mixture was extracted with ethyl acetate, the extract dried (tgso, ) 

and evaporated under reduced pressure to yield a yellow, mooile oil 

which was stored at -10° for 2 weeks during which time it yielded 

a fawn solid (0.13, 7.9%) which was recrystallised from acetone to 

yield colourless prisms of 3-methy1-3-N-methylpiverazinomethyl-1- 

ox0-1,2,3,4-tetrahydroisoquinoline, m.p. 99° (Found: C,70.43; H,8. 33; 

N,15.hh. Cy ¢HogN0 requires ©,70.33; H,8.42; N,15. 39%), Y) 

(mujol), 3300, 3170 (WH), 1655 (co), 1160em>. 
max. 

3-Morrholinomethyl-1l-oxo-1, 2, 3,4-tetrahydroisoguinoline (108d) 

2-Morpholinomethyl-l-indanone hydrochloride (2.0g) was added to 

concentrated sulphuric acid (Ben?) stirred at 0°. Sodium azide 

(0.63¢) was added portionwise over 2hr. The mixture was stirred a 

further O.5hr at 0° then overnight at room temperature. The mixture 

was poured onto ice, made alkaline using 20% sodium carbonate 

solution, extracted with ethyl acetate, the ethyl acetate extract 

dried (igS0,) and evaporated under reduced pressure to yield a 

yellowish-white solid (1.5¢, 81.6%) which was recrystallised from 

acetone/light petroleum (b.p. 60-80°) to yield straw needles of



  3-morpholinomethyl-1-oxo-1,2, 3,4-tetrahydroisoquinoline, m.p. 121° 
  

(Pound: €,68.31; H,7.23; N,11.27. 

»v MAX. 

"1300, 1270, 1140, 1105, 870, 740cm™-. 

C5), _N30> requires €,68.29; 

H,7-3e; N,i1 (nujol), 3170:(NH), 1650 (CO), 1335, 

  

  

nt Methylpiperazinomethyl-l-oxo-1, 2, 3,4-tetrahydroisoquinoline 
  

(108e) 

2-N' Methyl piperazinomethyll-1-indanone hydrochloride (2.0g) was 

added to concentrated sulphuric acid (8em-) stirred at 0°. Sodium 

azide (0.63g) was added portionwise over 2hr. The mixture was 

stirred a further 0.5hr at 0° then overnight at room temperature. 

The mixture was poured onto ice, made alkaline using 20% sodium 

carbonate solution, extracted with ethyl acetate, the ethyl acetate 

extract dried (ves, ) and evaporated under reduced pressure to 

yield a yellowish-brown, viscous oil] which, on standing, save a 

yellowish-white solid (1.5¢, 81.3%) which was recrystallised from 

acetone to yield faun microprisms of 3-1*-methyl pi rerazi nonethyl~ 

l-oxo-1,2,3,4-tetrahydroisoguinoline, m.p. 82° (Found: C,69.33; EB, 

8.26; N,16.20, C) Ha N20 requires €,69.50; H,8.11; N,16.22%), 

YD max, (Budo) , 3400 (NH), 3230 (NH); 1670 (CO), 1620, 1300, 1285, 

12hO, 1165, 1045, 1015, 815, 750, 700cn7-.
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TAL METHODS 

Determination of pia values. 

The method adopted was a modification of that used by Albert 

and Serjeant’, The apparatus was set up.and standardised using 

the buffers stated in the method of Albert and Serjeant. An 

accurately weighed amount of the base was dissolved in a mixture 

of methanol and water (50:50). Although this method has been 

criticised, it is said that the comparison of the basic strengths 

of a series of substances in a mixed solvent system is valid if 

the substances are chemically related. Since this was the case in 

this series of benzamides and bearing in mind the very low water 

solubility of the bases, it was decided to use a 50% aqueous 

methanol solution, The initial pH of the solution was noted. The 

solution was then titrated against N/100 hydrochloric acid. The vH 

was noted after the addition of each 1.0m? of N/100 hydrochloric 

acid. Five of these readings were used to calculate the pKa of the 

compound under test, in a manner analogous to the method of Albert 

and Serjeant. An example of the calculation is shown below. 

Determination of pKa of compound (53). 

Weight of compound = 0.019¢ 

Molecular weight of (53) = 260 ==1 litre N HCl 

=100 litres N/100 HCl 

Volume of N/100 HCl needed to neutralise 0.019¢ of (53) 

2 = 100,000x0.019 cm? = 7.31 cm 
260



1 2 2 4 5 6 ce 

TITRANT pH STOICHIOMETRIC CONCS. BE’ LOG OF pka 

N/100 HC1 BH B B COLUMN 5 = pH + 6 

0.00 9.58 ©.000000 0.000073 = - - 

1.00 9.20 0.000009 0.000064 0.146 -0.85 8.35 

2.00 8.90 0.000019 9.000054 0.377 -0.47 8.43 

3.00 8.55 0.000029 0.000044 0.659 -0.18 e237 

4.00 8.07 ©.000039 0.000034 1.147 +0.06 8.13 

5.00 7.28 0.000049 0.000024 2.0he 910. 5) 7.59 

Disregarding the two extreme values this gives a value for the pKa 

of compound (53) of 8.28(* 0.15). 

Measurement of infrared carbonyl stretching freauencies of 

substituted benzanidomethylcyclohexyldimethylamines. 

The compounds were examined as their solid nyaroehipi ase rane 

their spectra were recorded as nujol mulls against a reference of 

air, using a Grubb-Parsons Spectromaster spectrophotometer, The 

region of the spectrum in which the carbonyl stretching signal 

occurred (5-5-6. Spa) was examined using a scanning speed of hal 

minutes. The wave-length of the maximun absorption was measured and 

the value converted from microns to wavenumbers. The results 

obtained can be seen in Table 4 in Section IIB, 

  

  

2-Bromo-2-methyl-l-indanone (2.88) was stirred for 2khr with 

nine (4.67¢) at room temperature. The reaction mixture was 

  

diethy 

evaporated to ¢ and partitioned between dilute jrochloric     

acid      ad ether. 

  

The acid la was basified using 10%



eee Se 

  hydroxide solution and extracted with ether. The ethereal solution 

* © . 5 + 3 
was separated, dried (1g80, ) and evaporated to yield an oil. O.lem~ 

    of this oil was diluted to locm? with chloroform. iplitre of this 

solution was injected onto a gas-liquid chromatograph under the 

following conditions: 

GLC instrument used: Perkin-Elmer F1l chromatograph. 

column used: OV 17 (5%). 

pressure of air: 17 Lots/in® 

pressure of hydrogen: 17 lbty/in® 

pressure of nitrogen: 25 lptyin® 

oven temperature: 270% 

amplification: 20 

chart speed: lem/min. 

The chromatogram obtained is reproduced in Figure 1 in Section IID. 

Method for determination of ratio of isomeric bases produced in the 

reaction of 2-bromo-2-methyl-l-indanone with diethylamine. 

Tae reaction was carried out under various reaction conditions 

(see Section IID) using a standard amount of 2-bromo-2-methyl-1- 

indanone whenever appropriate. ‘hen the reaction had been completed, 

the reaction mixture was evarorated to dryness and partitioned 

between dilute hydrochloric acid and ether. The acid layer was 

separated, basified using 10% sodium hydroxide solution and extracted 

with ether. The ethereal solution was dried (MgSO, ) and evaporated - 

to yield an oil which was the mixture of bases. 0.lem? of this 

mixture was accurately measured and diluted to 1ocn? using chloroform. 

This solution then contained 0.092g¢ of the isomeric mixture. The 

infrared spectrum of an aliquot of this solution was measured 

against a reference sample of chloroform using a Grubb-Parsons



eS ee nn 
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Spectromaster spectrophotometer. The region of the spectrum where 

the carbonyl peaks of the two isomers occurred (5.5-6. 5p) was 

examined using a scanning speed of 1p/i,, minutes. The ratio of the 

intensities of the two carbonyl peaks was then measured. The results 

obtained can be seen in Table 8 in Section IID. 

 



  

1-(2-Chlorobenzamidomethyl)-cyclohexyldimethylamine (56) 

ye (TH) 151 (3) 141 (2) 139 (7) 127 (10) 226 (100) 125 (2) 12h (3) 

119 (3) 115 (2) 112°(2) 111 (3) 210 (3) 109 (2) 107 (2) 

105 (4) 98 (4) 97 (3) 96 (4) 95 (4) 9% (3) 93 (3) 92 (4) 

87 (2) 85 (2) Bh (5) 83 (4) 82.(4) 81 (6) 79 (4) 78) (2) 

7? (5) 75 (3) 74 (2) 23 (8) 72 (4) 70 (5) 69 (7) 68 (5) 

67 (5) 64 (8) 60 (11) 59 (2) 58 (6) 57 (6) 56 (5) 55 (le) 

5k (3) 53 (3) 51 (3) WG (3) 45 (5) 4h (57) 43 (8) 42 C2) 

41 (14) 4O (2) 39 (7) 38 (7) 36 (21) 32 (14) 31 (6) 30 (3) 

290C7) eu (4) ey 10S) 

1-(3,4, 5-Trimethoxybenzamidomethyl)-cyclohexyldimethylamine (12h) 

Bye (1%) 212 (9) 197 (3) 164 (1) 127 (9) 126 (100) 125 (1) 124 (1) 

110 (2) 96 (2) 84 (4) 82 (2) 81 (3) 70 (2) 68 (2) 67 (2) 

58 (5) 56 (2) 55 (4) 54 (1) 53 (2) 46 (2) 4a (1) 42 (5) 

41 (4) 36 (1) 32 (3) 30 (6) 29 (2) 28 (16) 27 (2). 

m* 183, 77, 52. 

1-Cinnamamidonethyl-cyclohexyldimethylamine (57) 

Bye (1%) 131 (3) 127 (9) 126 (100) 103 (3) 84 (1) 77 (2) 58 (1) 

55 (2) 4h (2) 42 (1) 41 (1) 38 (2) 36 (5) 32 (1) 28 (7). 

  

1-(4-Nitrobenzamidomethyl)-cyclohexyldimethylamine (58) 

Bye (1%) 167 (2) 150 (2) 127 (10) 126 (100) 121 (1) 1l2 (1) 104 (2) 

95 (2) 6 Cys C2) 70-01) 65 2) 58°(1)- $5 G2) 50%) 

46 (1) 45 (2) 44 (4) 42 (2) 41 (2) 39-1) 35 (2) 36 (6) 

SI(2)28 (2). 

m*



1-(2-Methoxybenzamidomethyl)-cyclohexyldimethylamine (59) 

Be (1%) 247 (2) 153 (1) 138 (3) 136 (6) 135 (65) 134 (1) 133 (1) 

d28 (ly le? (26) 126° Choo) 125 °( 3), Lae) 11231) "Oe (r) 

105 (1) 97 (1) 96 (3) 92 (4) 86 (1) 85 (4) 83 C2) 82 (3) 

79 (2) 78 (1) 77 (10) 71 (1) 70 (4) 69 (1) 68 (3) 67 (2) 

65 (1) 64 (2) 58 (6) 56 (3) 55 (6) 53 (2) 51 (2) 46 (3) 
2 

45 (3) 4a (7) 43 (2) 42 (6) 41 (5) 39 (2) 38 (10) 36 (29) 

35 (3) 32 (4) 31 (4) 28 (22). 

m* 77, 56.5, 52. 

1-(4-Chlorobenzamidomethyl)-cyclohexyldimethylamine (60) 

Bye (1%) 141 (3) 139.(9) 127 (10) 126 (100) 113 (1) 121 (5) 84 (3) 

Were) Fo (e) #55203) hh CS) be (5) al (5) 37 (8) 60021) 

32 Ou), 

  

1-(4-Methoxybenzamidomethyl)-cyclohexyldimethylamine (61) 

Ble (1%) 245 (2) 147 (7) 136 (1) 135 (13) 127 (11) 126 (100) 125 (1) 

12h (1) 106 (1) 96 (2) 92 (3) 84 (2) 62 (1) 81 (1) "79 2) 

err 77 (5) 7Oud)) 65 (yes (1) ete) 56 (2) 55 (3) 

bh C3) We(2) 41 (3) 39 (C2), 38 (5) 36 (10) 55 (2) 32 C2) 

28 (12). 

m* 85. 

1-(2-Naphthamidomethyl)-cyclohexyldimethylamine (62) 

Bye (1%) 155 (3) 128 (1) 127 (10) 126 (85) 96 (1) 84 (8) 82 (1) 

81 (2) 79 (2) 77 (2) 7% (3) 71 (2) 70 (3) 68 (2) 59 (2) 

58 (6) 56 (3) 55 (6) 53 (2)'52 (2) 50 (7) 46 (3) 45 (4) 

4h (10) 43 (2) 42 (7) 41 (6) 39 (2) 38 (32) 37 (5) 36 (100) 

w 55 (15) 32°02) 3L (3) 30 ‘C2)ie9 (4) 28 (10). 

m* Das



= Lat 

  

shy Laminobenzamidomethyl)-cyclohexyldimethylamine (120) 

Bye (1%) 258 (1) 193 (1) 165 (1) 164 (2) 148 (16) 127 (14) 126 (100) 

125) (2) 12h (2) 120 (32) 319 C2} 105 (2), LOW C2) 96 Ce) 

OM Clee (5) 82 (1)ieel C279 Ce) 78: CL) 47°C) 71 1) 

70 (3) 68 (2) 58 (6) 55 (4) 53 (1) 46 (2) 45 (1) 44 (6) 

45 (1) 42 (9) 41 (4) 39 (2) 58 (4) 36 (12) 35 (2) 31 (2) 

30 (2) 29 (2) 28 (3). 

1-(4-Bromobenzamidomethyl)-cyclohexyldimethylamine (63) 

Bye (1%) 338 (1) 336 (1) 297 (1) 296 (4) 295 (1) 294 (4) 280 (2) 

198 (2) 197 (15) 195 (15) 185 (5) 185 (5) 157 (3) 155 (3) 

127 (10) 126 (100) 124 (1) 116 (1) 122 (1) 110 (2) 105 (2) 

96 (2) 8% (2) 81 (2) 79 (2) 7% (3) 76 (4) 75 (3) 70 (2) 

69 (2) 58 (2) 55 (4) 50 (2) 44 (5) 41 (5) 38 (8) 36 (21) 

32 (6) 28 (30). 

  

1-( 3-Bromobenzamidomethyl)-cyclohexyldimethylamine (64) 

™/e (1%) 185 (5) 183 (5) 157 (4) 155 (4) 127 (9) 126 (100) 96 (1) 

84 (2) 81 (1) 76 (2) 75 (1) 70 (2) 68 (1) 58 (2) 56 (1) 

55 (2) 46 (1) 4&4 (3) he C2) 41 (2) 58 C2) 36 (7) 35 (1) 

31 (3) 30 (6) 29 (6) 28 (5). 

1-(4-Hydroxybenzamidomethyl)-cyclohexyldimethylamine ethoxyformic 

ester (65) 

Bye (1%) 127 (8) 126 (100) 121 (2) 96 (1) 84 (7) 81 (1) 80 (2) 

79 (25) 78 (3) 71 (2) 70 (2) 68 (1) 66 (1) 65 (1) 64 (4) 

58 (4) 56 (2) 55 (4) 53 (2) 52 (15) 51 (8) 50 (5) 49 (2) 

46 (4) 45 (10) 44 (69) 43 (7) 42 (4) 41 (4) 39 (4) 38 (23) 

37 (1) 34 (20) 35 (4) 32 (2) 31 (18) 30 (2) 29 (47) 28 (18).
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1-(4-Toluamidomethyl)-cyclohexyldimethylamine (122) 

Bye (1%) 127 (8) 126 (100) 119 (4) 91 (4) 84 (1) 65 (1) 58 G1) 55 (2) 

4 (1) 42 (1) 38 (1) 36 (3) 

n* 77, 69.5, 52, 46.5. 

1-(4-Ethoxybenzanidomethyl)-cyclohexyldimethylamine (121) 

Bye (1%) 149 (3) 127 (1) 126 (100) 121 (4) 96 (1) 93 (2) 84 (2) 

70 (2) 68 (1) 65 (3) 58 (3) 56 (1) 55 (3) 46 (1) 44 (4) 

h2 (2) 41 (2) 39 (2) 38 (3) 36 (9) 35 (1) 29 (2) 28 (2) 

ee. 

1-(3,4-Dichlorocinnamamidomethyl)-cyclohexyldimethylamine ( 66) 

Be (1%) 127 (13) 126 (100) 98 (4) 85 (8) 84 (100) 71 (32) 70 (6) 

68 (3) 58 (9) 56 (11) 55 (7) 53 (3) 44 (10) 43 (4) 42 (19) 

41 (11) 39 (8) 38 (6) 36 (127) 35 (4) 29 (5)0e8) C7). 

2-Ethylamino-2-methyl-3-phenylpropanonitrile (84a) 

Bye (TX) 161 (3) 160 (1) 146 (1) 130 (1) 118 (1) 117 (3) 126 (1) 

115 (3) 105 (3) 104 (1) 103 (1) 97 (2) 92 (3) 91 (16). 

90 (2) 89 (2) 78 (1) 77 (3) 71 (5) 70 (93) 69 (1) 68 (1) 

65 (6) 63 (3) 52 (1) 51 (4) 50 (1) 43 (3) be (100) 42 (4) 

4O (1) 39. (5) 38 -€3) 36 (8) 35 (1) 32 (2) 29 (7) 28 (8) 

2? (23) 26 (35). 

m* 113, 49.1(97-+69), 46.5, 25. 

3-(4-Chlorophenyl)-2-ethylamino-2-methylpropanonitrile (84b) 

B/e (1%) 197 (1) 195 (4) 194 (1) 180 (1) 144 (2) 139 (3) 1e7 (4) 

126 (1) 125 (10) 117 (1) 126 (2) 115 (3) 103 (1) 99 (2) 

97 (3) 91 (2) 90 (2) 89 (5) 82 (2) 77 (1) 75 (2) 73 (1)



2 hs 

71 (6) 70 (96) 69 (2) 68 (2) 65 (1) 63 (4) 62 (1) 55 (1) 

54 (2) 51 (2) 50 (1) 44 (1) 43 (4) 42 (100) 41 (4) 30 (4) 

38 (4) 37 (11) 56 (1) 301 C1) 29 (8) '28 Ch) 27 (21) 26 (35). 

m* 89, /25- 

2-Amino-2-methyl-3-phenylpropanonitrile (87a) 

Bye (1%) 135 (2) 134 (22) 133 (5) 132 (2) 117 (1) 115 (1) 121 (2) 

106 (1) 105 (2) 93 (2) 92 (33) 91 (70) 90 (3) 89 (5) 79 (1) 

78 (10) 77 (7) 76 (1) 75 (1) 7h (8) 66 (1) 65 (17) 64 (2) 

63 (7) 62 (2) 59 (1K) 52 (3) 51°(9) 50 (5) 45 (10) 44 (21) 

43 (100) 42 (17) 41 (10) 40 (5) 39 (14) 38 (3) 36 (2) 

32 (9) 31 (42) 30 (1) 29 (10) 28 (27) 27 (13) 26 (3). 

n* 90.3, 63.2, 46.5, 28.5. 

2-(N-Carboethoxyamino)-2-methyl-3-phenylpropanonitrile (88) 

B/e (1%) 233 (2) 232 (12) 187 (2) 186 (1) 185 (5) 160 (3) 158 (2) 

157 (2) 145 (2) 14h (2) 143 (2) 142 (17) 148 (2) 117 (7) 

116 -(6) 115 (6) 105 €2) 104°(1) 103 (1) 93 (2) 92 (20) 

91 (100) 90 (10) &9 (4) 78 (2) 77 (4) 69 (53) 65 (15) 

eu (1) 62°(4) 61 (2) 56.415) 53 (1) 52 C2) 51. (6) 50: (a) 

45 (2) 44 (1) 43 (3) 42 (a4) 41 (4) AO (1) 39 (8) 32 (2) 

29 (35) 28 (11) 27 (9) 26 (2). 

n* 113, 90.3, 88.1(232-r143), 49, 46.5, 35, 33.5(1he--69), 

  

3,4-dimethoxyphenyl)-2-methylpropanoic acid ethyl ester 

(89) 

aye (TS) 267 (1) 9195 (2) 19h (22)! 178 (2), 155 (35): 152°038) 151 51) 

138 (1) 137 (3) 126 (5) 122 (1) 148 (1) 117 (5) 126 (100)



= he 

108 (1) 107 (35) 106 (2) 105 (1)97 C4) 91 (1) 90. (1) 89 (2) 

88 (19) 79. (1) 78 (2) 7? (2) 7O-(2) 65° (3) 5? (2) 56 (2) 

51 (2) 4? (1) 43 (2) 42 (31) 41, (1) 39 (2) 29 (2) 28 (1) 

2e(L5). 

n* 123.5, 86.5, 66.8, 55.5. 

2-Amino~-3-(4-chlorophenyl)-2-methylproranonitrile (87>) 

Be (1%) 183 (3) 170 (3) 169 (3) 168 (8) 167 (8) 139 (2) 132/(1) 

130 (1) 128, (4) 127 (10) 126 (14) 125 (25) 117 (2) 116 (3) 

ES (3), 103 (2) 101, (1) $9 (4) 92 (2) 92. (36) 90 (5) 

89 (23) 77 (2) 75 (3) 74 (8) 73 (3) 65 (3) 64 (2) 65 (10) 

62 (3) 61 (1) 59 (11) 51 (5) 50 (4) 45 (10) 44 (4) 43 (100) 

42 (39) 41 (11) 4O (6) 39 (9) 38 (3) 32 (48) 31 (92) 

30 (6) 29 (36) 28 (15) 27 (15) 26 (3). 

2-Amino-2-methyl-3-phenylpropanoic acid ethyl ester (89a) 

Be (1%) 135 (3) 134 (46) 119 (2) 118 (2) 117 (9) 116 (100) 115 (2) 

106 (1) 105 (1) 92 (3) 91 (14) 89 (1) 88 (18) 79 (4) 

78 (73) 27 (12) 76 (2) 75. (1) 74 C2) 70 (CL) 67 (4) 65 (4) 

63 (2) 57 (1) 56 (2) 5211) 51 (12) 50 (7) 47 (2) 45 () 

Wh (11) 43 (4) 42 (38) 41 (6) 4O (3) 30 (8) 38 (2) 37 (1) 

32 (3) 31 (2) 29 (5) 28 (20) 27 (4) 26 (2). 

m* 115, 113, 102, 76, 66.8(116--88), 55.8, 33. 

2-Carboethoxyamino-2-methyl-%-phenylpropanoic acid ethyl ester (90a) 

Be (1%) 232 (2) 206 (6) 205 (40) 191 (8) 190 (25) 189 (11) 188 (100) 

177=(2) 163 (2) 162009) 161..(2) 160 C5) WaS (SY Ta C5) 

145 (3) 142 (27) 135 (4) 134 (19) 133 (3) 132 (3) 130 (2) 

12h (2) 119 (3) 118 (4) 117 (14) 116 (57) 115 (8) 114 (6)



m* 

So 

107 (2) 105 (2) 104 (1) 103 (1) 93 (2) 92 (15) OUCG5) 

90 (3) 89 (4) 88 (26) 79 (2) 78 (2) 77 (4) 76 (15) 65 Ca) 

63 (3) 62 (1) 56 (3) 52 (1) 51.(4) 50 (1) 48 (3) 45 (3) 

4h (5) 43 (6) 42 (80) 41 (6) 4O (2) 39 (6) 31 (4) 30 (2) 

29 (62) (28 (5) 27 (14) 26 (4). 

107. 3( 188-142), 71.6(188-+116), 28.8. 

2-Carboethoxyamino-3~(3,4-dimethoxyphenyl)-2-methylpropanoic acid 

ethyl ester (90b) 

Be (IX) 339 (4) 294 (2) 265 (3) 249 (4) 224 (3) 220 (1) 19% (2) 

m* 

189° (1) 188 (11) 155.(2) 152 (17) 15) (100) 142 (8) 138 (2) 

US? C5) D552) Val 2)ea17 (Cl) 2160(15), MIRSGLY TOs) .C2) 

107 (5) 106 (4) 105 (2) 92 (3) 90 (3) 89 (2) 88 (9) 79. (2) 

78 (4) 77 (3) 70 (6) 65 (4) 51 (3) 45 (2) 4A (2) 43 (2) 

42 (33) 41 (2) 39 (5) 32 (3) 29 (34) 28 (11) 27 (7). 

184.4 (339-250), 107. 3(188-+142), 71.6(188+116). 

2-Piperidinomethyl-l-indanone (106c) 

B/e (TZ) 230 (8) 229 (uh) 228 (4) 145 (3) lbh (25).132 (3) 117 (2) 

m* 

116 (10) 115 (18) 104 (2) 99 (3) 98 (46) 97 (7) 96 (2) 

89 (2) 86 (3) 85 (54) 84 (100) 83 (1) 82 (2) 77 (1) 76 (1) 

70 (9) 69 (1) 68 (1) 67 (2): 65 {1) 63° (3) 58 (3) 57 (C22) 

BO ey naa (12) Sho Cae asrCe)a 52k) 5i@5) 50-(2), 45) C2) 

44 (32) 43 (23) 42 (29) 41 (18) 4O (2) 39 (33) 38 (25) 

37 (2) 36 (22) 35 (6) 32° (3) 30 (32) 29 (29) 28 (30) 27 (16) 

26 (3). 

114(116-7115), 93-4(144-+116), 55,37.
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2-Dimethylaminomethyl-l-indanone (106a) 

Bfe (1%) 145 (2) 144 (8) 117 (1) 116 (5) 115 (10) 98 (1) 91 (1) 

m* 

BSC2)) 7. (2) 63.2) 594(2), 58 C92) 575 (5) 51 (1) 5082) 

45 (29) Wu (100) 43 (7) 42 (11) 41 (2) 4O (2) 39 C2) 38 (15) 

37 (1) 36 (89) 55 (5) 32 (2) 30 (4) 25 (15) 27 (2). 

114(116--115), 93.4(144 116). 

2-Morpholinomethyl-l-indanone (106d) 

Bye (I) 200 (4) 146 (2) 145 (5) 144 (17) 132 (2) 131 (2) 130 (1) 

m* 

117 (3) 116 (10) 115 (22) 103 (1) Lo2 (1) 101 (6) 100 (100) 

99 (6) 98 (3) 97 (3) 90 (1) 89 (3) 87 (5) 86 (8) 77 (2) 

76 (Cy “95 (1) 73 (2) 72°C2) Fie) 70 (1) 65' (2) 63.(5) 

62 (1) 59 (2) 58 (25) 57 (8) 56 (9) 55 (1) 52 (2) 50: (2) 

46 (7) 45 (22) 44 (6) 43 (6) 42 (9) 42 (3) 39 (2) 38 (7) 

36 (25)\ 35 (2) 52 (3) 31 (44) 30 (13) 29 (7) 28 (17) 

ee (12) 26 (3). 

114(416--115), 113, 93.4(144--116). 

2-Diethylaminomethyl-l-indanone (106b) 

Bye (1%) 144(4) 116 (2) 115 (6) 86 (2) 73 (18) 72 (11) 59 (2) 

m* 

58 (100) 57 (2) 56 (3) 44 (23) 43 (1) 42 (4) 41 (2) 38 (2) 

37 (1) 36 (45)*35 (2) “30 (68) 29 (7) 28 (5) 27 (4). 

114(116+115), 93.4(144--116), 46.3. 

2-Nt-Methylpiperazinomethyl-1-indanone (106e) 

Be (1%) 243 (6) 225 (1) 145 (2) 144 (8) 128 (8) 127 (5) 116 (6) 

115 (10) 124 (3) 113 (21) 112 (2) 111 (2) 101 (1) 100 (21) 

99 (3) 98 (3) 89 (2) 83 (1) 82 (3) 60 (4) 71 (3) 70 (15)



m* 

2-Methy1-2-N 

eee, 

6% (2) 59 (3) 58 (77) 57 (9) 56 (14) 55 (4) 54 (3) 52. (2) 

50 (2) 45 (2) 4h (12) 43 (36) 42 (34) 42 (6) HO (1) 39 (3) 

38: (32) $7°C3) 36 (100). 35: (lz) 32 Cio) 30.7)" 29° C7) 

28 (68) 27 (11) 26 (3). 

114(116-F115). 

4 methylpiperazinomethyl-l-indanone (107e) 

Be (1%) 171 (1) 170 (16) 147 (3) 146 (41) 145 (15) 14h (3) 132 (3) 

m* 

131 (33) 129 (2) 128 (2) 127 (8) 118 (4) 117 (6) 116 (5) 

ALSRCIO) 114 (13) 105 (72) t1]:.C4) 111. (5) 165: (TR) 103.6) 

100 (34)99 (5) 98 (5) 97 (2) 91 (3) 89 (2) 85 (3) 84 (3) 

?7 (8) 76 (2) 72 (2) 71 (10) 70 (40) 63 (2) 59 (2) 58 (57) 

5? (11) 56 (27) 55 (7) 54 (2) 51 (4) 50 (2) 44 (13) 4S (49) 

42 (28) 41 (7) 39 (4) 38 (26) 37 (3) 36 (100) 35 (8) 

ge (3), 30 (5)! 29 (5) 28 (217) 27.(7).. 

AL(116-+115), 43.5. 

2-Methyl-2-morpholinomethyl-l-indanone (1074) 

Bye (1%) 245 (2) 159 (1) 158 (2) 146 (3) 145 (3) Wk (4) 143 (2) 

m* 

132 (1) 131 (7) 130 (2) 129 (4) 128 (4) le? (2) 119 (1) 

118 (2) 117 (6) 116 (13) 105 (9) 1035 (2) 102 (3) 101 (41) 

160 (100) 99 (7) 98 (10) 91 (10) 90 (2) 89 (3) 8? (5) 

86.03) 478 (2)°'77 ClO 761) 72 C2) 71-05) 7007) 69 (2) 

68 (1) 65 (3) 64 (1) 63 (3) 58 (1) 57 (9) 56 (44) 55 (4) 

54 (2) 53 (2) 51 (5) 50 (2) 45 (2) 44 (2) 43 (8) 42 (26) 

41 (8) 4O (1) 39 (5) 38 (12) 37 (1) 36 (44) 35 (3) 32 (5) 

30 (6) 29 (9) 2 @ Ww 2) ft
 

Ni
 OV
 

114(116-+115), 49.5, 48.5, 31.4.



2-Methyl-2-piperidinomethyl-l-indanone {107c) 

Bye (1%) 243 (1) 159 (1) 158 (2) 147 (2) 1n6 (16) 145 (5) 144 (7) 

m* 

143 (1) 132 (2) 131 (19) 130 (2) 129 (4) 128 (4) 127 (2) 

118) (2) 117 (5) 1162(7) 115 (20)\ 110 (2) 106 (21) 105°(8) 

104 (1) 103 (4) 102 (1) 100 (2) 99 (33) 98 (100) 97 (7) 

96 (7) 91 (12) 90 (2) 89 (3) 87 (3) 86 (52) 85 (3) 8y (7) 

S5201) SANG) Vee) 477 (C2) 762) "75. (1) 72) CL).e70: C3) 

69/5) (68 (2) 65505) 64 (1) 65 (5) 58 07) 57’ (3)e56 (5) 

55-17) 54 (2). 53. (2) 52 (4) 50 (2) 4h (8) 45.(5).42 (18) 

41 (19) 40 (1) 39 (6) 38 (8) 37 (1) 36 (39) 35 (3) 30 (10) 

29 (6) 28 (9) 27 (5) 26 (2). 

114(116-+115), 94, 50. 

2-Diethylaminomethyl-2-methyl-l-indanone (107b) 

Bye (1%) 146 (1) 144 (1) 131 (2) 116 (2) 115 (2) 105 (1) 92 (2) 

m* 

87 (5) 86 (100) 77 (1) 71 (2) 58 (2) 56 (2) 44 (1) 42 (2) 

38 (2) 36 (4) 20 (100) 29 (5) 28 (2) 27 (1). 

114(116-r115), 94, 39.2. 

2-Dimethylaminomethyl-2-methyl-1l-indanone (107a) 

Bye (IX) 203 (3) 176 (4) 161 (3) 160 (1) 159 (7) 158 (4) 154 (1) 

147 (3) 146 (13) 145 (6) 144 (5) 143 (2) 134 (1) 132 (2) 

T51 C10) 130) €5) 22956) 128.5) V2y Ce) 22°02) 118: (3) 

11? (5) 126 (8)) 115 (20) 116 (1) 106 (2) 105 (26) 103 (2) 

102 (2) 92 (1) 91 (9) 90 (2) 89 (4) 84 (1) 78 (3) 77 (14) 

76 (2) 75 (1) 74 (1) 71 (1) 70 (1) 65 (4) 64 (2) 63 (4) 

62 (1). 59 ( hy
 6) 58 (100) 57 (10) 56 (2) 53 (2) 50 (3) 

41 (23) 49 (1) 46 (5) 45 (100) 44 (100) 43 (50) 42 (100) 

(18) 32 (3) 4O (11) 39 (28) 38 (65) 37 (7) 36 (100) 3. on
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3C (40) 29 (100) 28 (40) 27 (16). 

m* 128, 114(116--115), 88. 

‘3-Methyl-1-oxo-3-pireridinomethyl-1,2,3,4-tetrahydroisoquinoline 

(loge) 

Bye (1%) 162 (2) 161 (2) 160 (2) 157 (2) 146 (6) 145 (2) 144 (1) 

  

Be (1%) 161 (1) 160 (11) 159 (4) 142 (2) 115 (1) 92 (2) 90 (1) 

89 (1) 59 (10) 58 (100) 42 (4) 30 (1) 28 (2). 

m* 160, 128, 126(160--142), 113, 93.1(142-4115), 89, 66.8(118 

+90), €8.9(115 +89).



4-Diethylaminomethyl-3-methyl-l-oxo-1,2,3,4-tetrahydroisoquinoline 

Bye (1%) 2h? (6) 246 (3) 234 (2) 233 (6) 

(109) 

232 (3) 229 (3) 228 (2) 

e135 (7) 374.05) 17505) 1625) T6L (4). 160 21) 159) (21) 

158 (6) 157 (13) 148 (2) 147 (4) 146 (6) 145 (3) 

443 (5) 133 (5) 132 (3) 131 (10) 130) (7) 129 (6) 

S27 (5) 119 (2)°216°(9) 217 (6) 236 (7) 115 (11) 

412 (2), 106 (2) 105 (25) 104 (5) 105 (5). 102 Ce) 

98 (4) 91 (15) 90 (14) 89 (11) 88 (3) 87 (91) 86 

Thh (2) 

128 (5) 

113 (6) 

100 (8) 

(100) 

85 (6) 84 (7) 79 (2) 78 (4) 77 (27) 76 (3) 75 (2) 73 (2) 

72 (a2) 71 (4) 70 (8) 65 (5) 64 (5) 635 (7) 59 C2) 58 (80) 

5? (11) 56) (23) 55° (4) 54 (3) 53 (2) 52 (2) 51 (11) 50 (4) 

Au (8) 43 (13) 42 (34) 41 (11) 40 (3) 39 (10) 32 (9) 

ZO (100) 29 (34) 28 (57) 27 (15) 26 (4). 

m* 126(160--142), 93.1(1h2-+115), 39.3. 

3-Methyl-3-N+-methylpiperazinomethyl-1-0x0-1, 2, 3,4-tetrahydroiso- 

quinoline (109e) 

Bye (1%) 273 (5) 255 (4) 212 (1) 211 (2) 

184 (2) 183 (1) 161 (2) 160 (4) 

156 (3) 150 (2) 146 (4) 145 (2) 

139 (1) 137 (1) 133 (3) 132 (2) 

128 (2) 125 (2) 123 (2) 119 (1) 

125 (4) 124 (12) 123 (100) 112 (2) 

105 (4) 104 (2) 103 (2) 100 (2) 

95 (5) 93 (3) 91 (4) 90 (4) 89 (3) 

62) (3) BL C4) 80 C79" (1) 76 (2) 

70 (4k) 69 (6) 68 (1) 67 (3) 65 

2¢ 8) 56 (20) 55°48) 5h (2) 53 

203 (2) 197 (2) 

159° (1) 158 (2) 

14h (2) 143 (2) 

131 (4) 130 (3) 

118 (6) 117 (4) 

185 

157 

le 

129 

116 

QQ) 

(4) 

(2) 

(2) 

(6) 

111 (5) 110 (2) 109 (3) 

99 (8) 98 (8) 97 (6) 96 (3) 

BS (SG) 8H C2N 85.5) 

7? C5). 76 (A) Fe Gi) 

(2) 63 (2) 59 (1) 58 (10) 

(1) 51 (3) 50 (2) 44 (1)



43 (18) 42 (19) 41 (7) 39 (4). 

m* 126(160--142), 93.1(142—-115), 43.4. 

3-Dimethylaminomethyl-1-oxo-1, 2, 3,4-tetrahydroisoquinoline (108a) 

Me (1%) 59 (4) 58 (100) 42 (2) 30 (1). 

m* 145.5, 128, 112.2(146-128), 95.4(145-~118), 88.5, 68.8(118 

+90), 56.5, 46.5, 32. 

3-t_Methylpiperazinomethyl-1-oxo-1, 2, 3,4-tetrahydroisoquinoline 

(108e) 

Be (1%) 146 (1) 128 (2) 114 (7) 113 (100) 111 (1) 98 (3) 91 (2) 

90 (1) 89 (1) 72 (3) 70 (HO) 58 (3) 57 (1) 56 (3) 4h (2) 

43 (6) He (11) 44 (2) 28 (2) 27 (1). 

m* 112. 2(146+128), 43.4. 

3-Morpholinomethyl-1-ox0-1, 2, 3,4-tetrahydroisoquinoline (1084) 

Be (1%) 146 (1) 128 (2) 101 (6) 100 (100) 91 (2) 89 (1) 70 (1) 

56 (10) 43 (2) 42 (5) 41 (2) 39 (1) 30 (2) 29 (2) 28 (5) 

aC 

n® 112.2(146+128), 88.5, 59.5, 58.5, 31.4. 

3-Diethylaminomethyl-1l-oxo-1,2,3,4-tetrahydroisogtinoline ( 108b) 

B/e (1%) 128 (1) 91 (1) 87 (5) 86 (100) 58 (3) 38 (1) 36 (4) 32 (2) 

30 (2) 28 (10). 

m* 112.2(146-7128), 39.2.
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1-Oxo-3-piperidinomethyl-1,2,3,4~tetrahydroisoquinoline (108c) 

Bye (1%) 146 (1) 145 (3) 144 (13) 118 (2) 127 (2) 126 (21) 115 (20) 

113 (6) 112 (2) 105 (2) 104 (2) 99 (5) 98 (67) 97 (4) 

96 (4) 91 (4) 90 (2) 89 (4) 85 (33) 84 (65) 83 (3) B2 (3) 

78 (2) 27 (3) 26 (2) 75 (2) 74 (1) 70 (9) 69 (3) 68 (3) 

6? (2) 65 (2) 63 (5) 62 (2) 58 (2) 57 (31) 56 (33) 55 (14) 

5h Ck) 53 (3) 52 (2) 51 (5) 50 (4) 4H (22) 43 (16) 42 (25) 
wa (a7) 0 (3) 39 Ga). oS 5; 
       



m5 Ge 

SECTION IV 

PHARMACOLOGICAL RESULTS i 

In the following reports standard notation is used to indicate 

activity levels. 

++ = marked activity     4 = moderate activity 

 



  

  

  

  

  

  

  

ROUTE TEST AND DOSE ae 
(55) 

ORAL i. fects on behaviour in mouse # + + 

100 mg/Kg 

ORAL | 2. LDzo ne/ke >> 100 
B, 

ORAL 3. ects on body temperature fi - + 

100 me/Kg 

ORAL 4. Antimaximal electroshock - - = 

100 me/Ke 

ORAL 5. Antagonism of leptazol induced - - - 

convulsions 100 mg/Kg 

S.C. 6. Hot-plate a) Direct effect oh ++ ++ 

100 mg/Kg b) Interact.morphine - - - 

ORAL | 7. Effects on phenylquinone + + see 

induced writhing 100 mg/Kg 

ORAL 8. Effects on central cholinergic 

mechanism a) Tremor - +/e+] = 

50 me/Ke b) Hypothermia - = =   

    

          

Remarks:- a) Compound (53) produced Straub tail, fast gait and 

b) 

c) 

raised posture in test 1. Compound (55) produces 

unsteady gait, reduced reactivity and reduced response 

to. pain in test 1. 

Compounds (53) and (55) induced hyperthermia of 6.5° 

and 2° respectively in test 3. 

Compound (53) completely abolished the reflex response 

of a mouse placed on a hot-plate in test 6a and compounds 

(54) and (55) also produced 100% inhibition and the 

animals were incapacitated. 

  

Compound (53) in 

  

Lbited 

investigated. Compound (54> aspirin in test 7 and 

was investigated further. Compound (55) has activity 
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TABLE 7h Ceont.) 

SSaspirin in test 7 and was investigated further. 

 



  

1-(SUPSTITUTED-B | 
  

  

  

  

  

  

  

ROUTE TST AN OSE 2 ROUT T AND DOS CSAY TCs) 

ne Effects on behaviour in mouse - + - 

100 mg/Kg 

ORAL | 2. LD,,  ma/Ke >100 

ORAL 3. Hffects on body temperature ea - - 

100 mg/Kg 

ORAL 4. Antimaximal electroshock - - - 

50 me/Ke 

ORAL 5. Antagonism of leptazol induced - if + 

convulsions 50 me/Ke 

Saucy 6. Hot-plate a) Direct effect +t + +t 

ORAL 50 mg/Kg b) Interact. morphine ~ - - 

ORAL 7. Effects on phenylquinone st, - - 

induced writhing 50 mg/Kg           
  

Remarks:- a) Compound (58) produced high posture in test 1. 

b) Compound (57) induced hyperthermia of 0.7° in test 3. 

c) Compounds (57) and (59) produced 100%, inhibition in 

test 6a. 

a) Compound (57) was codeine in test 7 and was 

investigated further.



  

  

  

sip COMPOUNDS 
  

  

ROUTE TEST AND DOSE Tei Cees CES) 

ORAL 1. Effects on behaviour in mouse + + + 

100 me/Ke 

ORAL | 2. LD, mg/Kg > 100 
a 

ORAL 3. Effects on body temperature + s 2 

100 mg/Kg 

ORAL 4, Effects on pupil diameter - ~ at 

100 mg/Kg 

ORAL 5. Antimaximal electroshock - - = 

50 me/KE 

S.C. 6. Antagonism of leptazol induced - - - 

convulsions 50 me/Ks 

S.C 7. Hot-plate a) Direct effect es ae ++ 

S.C. 50 mg/Kg b) Interact. morphine - - - 

ORAL &. Effects on phenylquinone - = SE     induced writhing 50 me/%g           

Remarks:- a) Compound (61) produced low posture in test 1. Compound 

v) 

c) 

a) 

e) 

(62) produced limb splay and Straub tail in test 1. 

Compound (63) produced Straub tail, raised posture 

and marked inhibition of pain response in test 1. 

Compounds (62) and (63) induced hyperthermia of 0.8° 

in test 3. Compound (61) induced hypothermia of 0.5° 

in test 3. 

Compound (63) produced marked mydriasis in test 3. 

Compounds (61), (62) and (63) produced 100% inhibition 

  

in test 7a. 

Compound (63) was => codeine and completely abolished 

    

writhing in test 8. Compound ({ vas investigated é € 

further.



    

  

  

  

  

  

  

  

1-(SUBSTITUTED- PENZAMIDOMETEYL)—CYC! 

OTe RG AND BOSE. UNDS 
ROUTE TEST Al DOSE. (Gh) (66) 

ORAL i. Effects on behav. in mouse - + + 

ORAL | 2. > 100 

ORAL 3, Effects on tody temperature - - ti 

100 mg/Kg 

ORAL 4. Effects on pupil diameter +/+ - ~ 

100 mg/Ke 

ORAL 5. Antimaximal electroshock = ae oa 

50 mg/Kg 

S.C. 6. Antagonism of leptazol induced - - = 

convulsions 50 mg/Kg 

Site 7. Hot-plate a) Direct effect t+ cf ++ 

S.C. 50 m@/Kg  »b) Interact. morphine - - - 

ORAL &. Effects on phenylquinone ++ - = 

induced writhing 50 me/Ke   

      

      
  

  
Remarks:- a) Compound (64) produced Straub tail, compound (65) 

») 

c) 

qa) 

e) 

Straub tail and raised posture and compound (66) 

limb splay in test 1. 

Compound (66) induced hyperthermia of 0.5° in test 3. 

Compound (64) produced moderate mydriasis in test 4. 

Compounds (64) and (66) produced 100% inhibition in 

test 7a. 

    Compound (64) was => codeine and writhing was almost 

polished in test 8. Compound (64) was investigated 0, 

further.
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SECONDARY INVESTIGATION OF THE ANALGETIC ACTIVITY OF 1 - (SUBSTITUTED- 

  NIDOMETHYL) -CYCLO     YLDIMETEYLAMINES, 

Compound (53) 

a) Hot-plate test:- 

Subcutaneous BDSG 

Subcutaneous morphine ED 

value = 15.5(5.36 - 42.0)mg/Ke 

50 values = 2.2(1.23 - 5.95)me/Ke 

b) Phenylauinone test:- 

Oral EDs value = 15. 3me/Kg 

Aspirin oral EDs values = 33.9(14.0 - 70.0)me/Ke 

Compound (5!) 

a) Hot-plate test:- 

Subcutaneous EDS value = 9.?mg/Ke 

b) Phenylquinone test:- 

Oral EDs value = 5 = 200mg/Kg 

Compound (55) 

a) Hot-plate test:- 

Subcutaneous EDs9 value = 2.5mg/Ke 

b) Phenylquinone test:- 

Oral EDsg value = 0.85ne/Ke 

Compound (57) 

a) Hot-plate test:- 

Subcutaneous ED.. value = 21.0(14.0 - 31.5)mg/%g 
50 

Oral EDz9 value = 5.4(2.1 - 10.2)me/Ke 

b) Phenylquinone test:- 

Oral EDgy value = 30.0(11.0 - 78.0)me/Ke 

Compound (63) 

a) Hot-plate test:- 

Subcutaneous EDeg value = 1.2(wide limits)mg/Kg 
a 

b) Phenylauinone test:- 

Oral Deo value = 7.0(3.4 = 16.1)mg/Ke
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- Compound (64) 

a) Hot-plate test:- ‘ | 

Subcutaneous ED, value = 7.2(3.2 - 15.8)me/Ke 

b) Phenylquinone test:- 

Oral EDgg value = 10.0(4.2 - 2h.0)mge/Kg 

 



  

  

  

  

  

      

  

  

  

  

  

  

  

  

  

  

                  

SUMMARY 

BEHAVIOU 

| DEP] NO 
DRUG 

Hot-plate | 200 Se lO swe Ose, 1S: codeine S ~ 

55°C 5.0, |€x = x= 35 | 150uM/Ke 
30,45, 60 

gx = 135 

Hot-plate | 200 all 3 Ds Tine morphine 4 - 

59° 50uM Ke 
(interact. all 3>40 

with £x = 120 

morphine morphine 

Opt Ke) pentaz. 

150uM/Ke 

22 04,21 

<x = 42 

Phenyl- 400 | Total number of writhes wa 

quinone S.C. TEST WATER CODEINE 

(Lopht/ke Op / * 

IP.) 160 asl 128 

# inhib. % inhib. 

= 30.7 = 45.0 

Toxicity 200 No. dead = 0 out of 3 SeC, EDS > 200 M/Ke 

§.C.        



  

  

  

  

  

  

  

  

  

  

  
  

  

  

  

  

              
      

2-METHYL-2-(1 

DOSE 
me/Ks 

Hot-plate 50 

55°C 8.C. 
32,55, >>60 

Cx el 7 

Hot-plate | 50 |all 3 5,7,10 morphine a - 

59°C s.c. [>40 €x = 22 15me /Ke 

(interact. & = 120 all 3>40 

with €x = 120 

morphine morphine 

15mg /Ke) pentaz. 

4Oome/Ke 

15,17,19 

€x = 51 

Phenyl- 100 Total number of writhes ve 

quinone P.C. |] TEST YATER CODEINE 

(amg /Ke 10mg /Ke + 

IePs) 4 259 60 

% inhib. % inhib. 

= 98.5 = 76.8 

Toxicity 50 No. dead = 0 out of 3 SaGs LD gg 30ne /kS 

S.C.     
  

Remarks:- a) Compound (107e) caused convulsions in the hot-plate 

») 

test when administered in a dose of 100me/Kg S.C. 

but all the mice recovered. 

in the hot-plate test:- 

codei ne 

4n ED, 

  

50 

  

evaluation in the phenylauinone test. 

value was obtained
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| TARLE 19 (cont. ) 

c) Compound (107e) caused depressed behaviour in the 

phenylquinone test. ‘ 

 



  

    

  

  

  

  

  

  

  

  

  

  

      
  

                      

EFFECTS 

Hot-plate | 200 Dead | 10,12,13 codeine : Toxic 

pC | 8.0. | Ex = lee = 35] 150uM/Kg 
30,45,->60 

€x = 135 

Hot-plate | 200 Dead |5,7,7 morphine Toxic 

59°C 8.¢. | €x = -|€x = 19 50u! 

(interact. all 3>40 

with €x = 120 

morphine morphine 

50uM/Ke) pentaz. 

150pM/fe 

ew linen 

Ex = 47 

Phenyl- 400 Total number of writhes ae 

quinone P.C. TEST WATER CODEINE 

( Lop /Ke 4Opl /Ke Toxic 

1.P.) 59 231 128 
2/3 % inhib. 

toxic = 45.0 

Toxicity 200 No. dead = 5 out of 3 5.0. Deg < 200pM/Kg 

S.C. 
  

Remarks:- a) Compound (106c) caused depressed behaviour in the 

phenylcuinone test. 

 



=TETRAUYDRO- 
  

  

  

  

  

  

  

  

    

  

   

  

  

  

    
  

  

  

              
    

TEST : 

BEHAVIOUR 

DEP |NORM |STIN 

DRUG 

Hot-plate | 200 codeine v - 

55°C Bue 150! 

40, 50,>60 

€x = 150 

Hot-plate | 200 all 3 |8,8,9 morphine a = 

59°C s.c. | S40 50uM/Ke 

(interact. €x = 120/Ex = 25] all 3>40 

with Ex =) 120 

morphine morphine 

50M /Ke) pentaz. 

150p1/Ke 
10,1114 

Ex = 35 

Fhenyl- 400 Total number of writhes we 

quinone Rows: TEST CODEINE 

Ow /ke ZOpM/Ke + 

Tee.) 63 100 46 
% inhid,| % inhib. 

= 37 = 5h 

Toxicity 200 No. dead = 0 out of 3 S.C. 155 = 200pM/EEe 

5.C.        



YDROTSOQUINOLINE (1¢ 
  

  

  

  

  

  

  

  

  

  

  
  

  

  

  

  

  

            
        

3-1 ba 

¥ 

BEHAVIOUR 

DEP| NORM] STIM 

DRUG 

Hot-plate 50 11,17,17] 9,13;1 codeine wv - 

55°C $.c. |€x = 45 |&x = 37 50me/Ke 

30 .>60 >60 

€x = 150 

Hot-plate | 50 |25,>40, | 8,10,11| morphine vw + 

59°C Seg |e sho Ex = 29] 15me/Ke 

(interact. r= OF all 3>40 

with Ex-= 120 

morphine norphine 

pentaz. 

LOme/Ke 

Ie 

ex= ts 

Phenyl- 100 Total number of writhes va 

quinone Foc. TEST VATER CODEINE 

(2mg/Ke lome/Ke + 

t.Pe) 136 267 120 

% inhib, % inhib. 

= 4g.1 = 55.1 

Toxicity 50 No. dead = 0 out of 3 S.C. IDs > 50mg/Ke 

5,o.   
  

Remarks:- a) Compound ({090 is being further investigated using 

the adjuvant arthritis test.



  

  

  

  

  

  

  

  

  
  

  

  

  

  

  

                

Hot-plate |200 |10,22,25|10,12,13| codeine <7 + 
55°C S.C. |€x = 57 |€x = 35 | 150uN/Ke 

50,45, >60 

re SS 

Hot-plate |200 |all 3 |5,7,7 morphine NG = 

59°C 8.c. | >40 5p! /Ke 

(interact. & = 120 |E€x = 19 | all 3>40 

with B= 120 

morphine morphine 

50 /Ke) pentaz. 

150 /Ke 

ian, 2) 

Ex =h? 

FPhenyl- 400 Total number of writhes v 

quinone P.c. TEST WATER CODEINE 

(1opM/Ke 40 M/Ke “se 

EP.) 99 231 128 

% inhib. % inhib. 

= 57.1 = 45.0 

Toxicity 200 No. goad =O out of 3 S.C. DCD > 200p [Ke 

S.C.       
Remarks:- a) An ED 

codeine 

b) An 2 

50 

in the hot-plate 

Deo 

evaluation vas carried out on compound (109d) 

test: 

ED,.,. value = 419(220.4 - 796 )ai/Ke 
50 

De value = 76.8(46 - 127) pM/! 

in the phenylquinone 

  

ED value = 44 

evaluation was carr 

= 19(8.0 = 4 

  

   
ed out on compound (109d) 

test: 

8(incalculable 1i 

  

its) lt 

    

Wyt/KE. 

 



1.-0X0-3-PTI IDINOMETHYL-1, a3 

  

    

  

  

    

  

  

  

  

  

  

  

  

  

              
    

TEST 

DRUG 

Eot-plate | 200 ho,12,13| codeine w = 

55°C §.c. Se = 55) 500M Ks 

30,45, >60 

Ex = 135 

Hot-plate } 200 BELO Ss fae, morphine a + 

59°C 2G, >40 =| Ex = 19 50uM/Ke 

(interact. Ex = loa all 3>40 

with Gxiey leo 

morphine morphine 

50pM/Ke) pentaz. 

150 yhi/Ke 
12,14, 21 

Ex = 47 

Fhenyl- 400 Total number of writhes ea 

quinone Pec. TEST  |NATER CODEINE 

(own /ég LOpM/ke a 

T.P.,) eee 231 128 

% inhib. % inhib. 

eee = 45.0 

Toxicity | 200 No. dead = 0 out of 3 S.C. Weg > 200pN/K8 

S.C.     
  

  

 



  

  

  

  

  

    

  

  

  

  
  

  

  

  

  

  

            

Hot-plate 911,135} 923,19) i 

Ex = 3 

30 ,>60,>60 

SxS) 150 

Hot-plate Babes: 8,10,11) morphine - 

>40 15mg /Ke 

(interact. Ex = 120] Ex = all 3>40 

€x = 120 

morphine morphine 

15mg /Ke) pentaz. 

4Omg/Ke 

11,15,19 

€x= hp 

Total number of writhes 

TEST WATER CODEINE 

Ome /Ke ue 

79 267 Leo 

% inhib, % inhib. 

= 70.1 = 55.1 

  

Toxicity       No. dead = 0 out of 3 - D5 >50me/Kg 

  

the adjuvant arthritis test. 

<St- a) Compound (1084) is being further investigated using 

 



3-NORFROLINOMETHYL-1-0X0-1, 2, 
  

  

  

  

  

  

  

  

  

  

    
  

  

              
    

  

TEST 

ACTIO 

TEST 

Hot-plate 50 $10,202 

55°C S.C. | Ex = 30/fx 

30 ,>60 ,>60 

x= 150 

Hot-plate 50 all 3 8,10,11 morphine wv - 

59°C S.c. | S4o 15mg /Ke 

(interact. f= 120 e ee 29 || sales Sho 

with &x = 120 

morphine morphine 

15me/Ke) pentaz. 

4Ome/Ke 

lo Lo 

Ex = 45 

Phenyl- 100 Total number of writhes ea 

quinone. PIC. TEST WATER CODEINE 

(2me/Ke 10mg/Ke ++ 

Pee) 51 267 120 

% inhib % inhib. 

= 80.9 = 55.1 

Toxicity 50 No. dead = 0 out of 3 S.C. Leg > 50mg 

S.C.     
  

Remarks:- a) An =Deg evaluation was carried out on compound (108d) 

in the phenylquinone test: 

EDs value = 210(45.7 + 966)me/Ke 

codeine ED... value = 5.7(2.4 - 13.6)mg/Ke. 50 

 



  

HYLPIPERAZINOMETE 

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

      
  

                  

Hot-plate codeine - 

55°C 50mg /Ke 
30,$60,>60 

Ex = 150 

Hot-plate morphine + 

59°C 15mg/Ke 
(interact. all 3 >40 

with ex-= 120 

morphine morphine 

15mg /Ke) pentaz. 

4One/Ke 

11,15,19 

ex = 45 

Phenyl- Total number of writhes 

quinone CODEINE 

(2mg/Ke Ome /Ke ++ 

TP.) 120 

% inhib. 

= 55.1 

Toxicity O out of 3 S.C. IDs > 50mg /K:     
  

  

Remarks:- a) Compound (108e) is being further investigated using 

the adjuvant arthritis test. 
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